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j*>J! Jbtjjt 'j?yt jujQ 



• The Time Machin "t>jJI jJ±> H.G. Wells jLj .£ jj> ^ A1© 

5 _<aLiJ) Ajjjla. jJI j & Aljjiaj j^ilj Albert Einstein (jjtLiiil ) ^ * o 

.sjuioj j] c>j3l JA^ij ^jjjJI : Special theory of relativity 

•General theory ofrelativity "a-bUJI 4 nmMI" (jc AjjjJaj QitLiji 
£— aJI" S jj — Ld^ Jjl Karl Schwarzschild jkiujjljji Jjl£ ^iL H H 

jl Jjj — wi (jillj lS^jJ ^ji*^ Ludwig Flamm pla jj^j^ c_sLij£l 

. antigravity 

"Einstein - Rosen "j jjj - 3-£alia 1 ^fo 

.(^jjj (3*111) bridge" 

r^-c jjViu. J Ja. Jj! W.J. Stockum ^JL- .£ 1 ^ VV 

JUJjjl ^ jjJj ^a^uj t . isl )tla]l ijjSJI u' Kurt Godel J.J ja. tli j& ) *\ i A 
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j c " jl — £ jj^j' ts-^j Casimir jl£ AiiuSI LaJ <Lialla J J\ > ^ £ A 

j jjjU i ^aUall CjVU 

.4jjij^I (jjLiJI John Whealer jLjA jja. <jj.i». llov 

(jjl LJ1 j S.n»-i J jl Hugh Everett I i— JUill CjjaJ r jA £jiLj ^oA 

Jj*»SU jl (JjjIjS ^jjljiall 

• BBC ^ ^ ^ _!l u.*!j*£ cr^ D.Who j>a I^jj > <nr 

4__£j^J fr bj,,i M x aJ\ J Roy Kerr j— j£ cS jj ^ 

(^»-> ill jj jjc SjjL-all Sji^iVI) <Cygnus X-l ^"~,_>aS] jjiH u» AjiJo! 

Ajtjail iJjj jJa (jc jjJI £J*fM jj^.j] ~ ^ijjj^a Cy^lj ~ -^Jd L "U^IS 

.^Ij j^jdii-a jxi jjc 'ij^L^alt X 

j — a i_jjal! j j_>j]l ^ jLaiH 4_ul£J Frank Tipler jLj liljlji j^iu ) IV £ 

•Bactto the Future "J^Wl] Sj j^L ^jjVI ) 1 Ao 

• Contact "JL^I" 4jJ jj i . uSj jULu Jjl£ ^ <lAo 

.^j jJl ,3^1 jjc (j-ajll CjVI <jJj,aj Kip Thorne Jjjj s-y^ JtT'"'-' ) ^ A1 

"5 — jLaa. (j^ ^ jl ^ijjJ <uoa: L" L^ia. Stephen Hawking ja (jifiu: ^ jjil > *\ ^ • 

•Chronology Protection 

j_J j <JV' S j&J Ritchard Gott III iLO j* Jjliijj J^j > 1 ^ ) 
• Timeline "t>jJ! Jai" Michael Crichton jj^J^ lI^A?- 0 S- 1 ^ 
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t-&£ll >k £ ^-jJI lift ^ tjsk U« tylj J^.j U Jj» oAi ^jj 
WtA r L_c <_^UJI 4_*iUu>» 2L^^*JI J) £jL.J j ,iA t<* tfJW u 

. k ; < j JSGjJI s Va ^ J- ■ «>< jSi? fl _iJ>Jl jSi tJlXa aIlJ^i 

Jj_iJ> AjU J jhH^ v-il>J lS >> M JJ j^J X ° * 

I j . us j&\ «rv» j^u. diiaj iJijmi tfiH .jc. 

^.^Uil JX_i £1 ji^J w — Jl! j-^S/l i\il>J Cijfe a^jS 

jj ii 7 al>all aS ft ^."a i«i> 4 Jjjjlu. — *Ji L j — - 3 jSL-i* Jfr ^>-ic. 

> _ 5 i 4__£aj 1 a ^lj AiJ 4 j'i p\ S\ *3. jflU: & jal—JI jlS IjJ Li *- yJa# 

UtU—2 i^J — <. * ?<i ' « (jjjjs-i* i j> 1 > JaL-jl* ^ J3j tfli*Ji 
." jijl sJgLfl ]m&4 >->^h t> tfSsy u 1 MjJ ^ c5^ 

L-j* ^J jiSUI JSU J f H1 J L-^ij \> j-SI CJ" C*j3*f VA*o f W jkj 

II a j a 1 jsl ooj 44__aila_a jl Jjjj J£ul\ ^ j W ; . All tlojl 0 j. ^-> \ » flJ I 

Lil..; Jl j «— UlVl ,.5— 9 3 ^aJI ^ I . ^l lj^JI J— 9 3 ifa « fl i * " jVI 



1 1 




w ^2 4 Mmifl AJjJajll C-L>j tail ^ij 

tt £>£_J cg _J 4££il ^tSil jsUjVi ^J] 

6—- .Jj^J, JUSJ eL^lV VuJb <4U*11 i _ w iia - ^jisJI jjl^Ji 

^ JUHI ^ 1*4* jaj J fl-^IOj^J^^Uij 

i> JL»« .<_>=> jSm ^ ^ o-J^ J -^>- Uski P ^1 

J J_Ju!i ^ «4E j ^ j>iJ ^3 ,> j31 

S>^j <uUj ^ 2a j^l, USa .Jfcafe aJ jjijfl ^Jc ^jjl 

(T-l^i— 4 t^A" j^il ftb.jfe*i3l ^Ic jS^jj . >L^il lia> jj! 4jj J ^jJu 

>^_J1 ,jL_j jjsii ija t^uii ^Ji jiji yuaj 
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^ *tt i . i j ajLoi Sail 4j1 J jj ^LJi ^ o.ic.Lai j 4<c.!iLil ^ Jio ^1 jjj 

ja»*J1 jjj J-ilc 
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uj 1 



1 1££ ^£ - .JH 5 11 U4o ^ h.G. Wells 

J j — JjA 5 ' g"iwV*) a — J fj— «j '^j§2 — $ * * U^-J — "J — U"'''^'' 1 

l|j >L« or _b j^^kli ij* f3Ul ttlsJ 

j — jij 1 — ajj — stiS — wa&n jtj — j*U 3 — ja 3 — <ls. Jj jlS ojil'j — ''JL-aii' 

jjj—j ^is — alis j — i _ s — Wilt 3*-° 

S_iijSSi L-i^^ull y^VUj 4— J YJ aa. ^jjlajJI WJI 

LijLi — iJ 1 ) i .-> — 1« /jV <J1j — oa* — (^najSfl '- r -iS jS jli. Li^jijjjll — 

fj — a (1 — la ^ — SJall «.\ — ia.yi Astrobiology ^^jeyjjiwVl JW«» ^ 

(J ;U3 (j a ^wj !_5 IjL_^ ^1 j^o]! ft J ■ dtj lillj ^^<*- j — 4_wiaJI j .il jail (_j jj't- 

£-^*a jj_ii> o'^_j>i ^ ^is ja\ sjsai jV ijj*i> 



a-ij jtnll A — J-alai! ^al j . n Vl-i j 4 j^l jll 4 — J^a-l ! >J «.Lai«Jl l^Jjlli jUikVl 
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4 — AaC j JC- — jVl (_g Ja. — ■"' Ua jjj ta jj aj aaJLaj a^Laic aA I'AjJi^. Lvalc 

^ kJaLall (jj — ill jj — a ^1 — Lill t L^ajll ^ jS juj ULw ^j£3 j (jjljll ^ (Jjiaall 

j aall i—i SjS ajl J ^.1 J j3 Sj Sal i'uJijc jjA. 4jI j^>ll jl LaiuJI jl 

L_S SjJj (j la 4 La^JI icj .4_Ju jai Utal j l^al ' lla li al <Lia J ji*J 1&J1*jj 

111 fkil 

4_i VI j>^a jjj^ n.VI I ^ aJLLVI jjJ V ^ jjjitfj 

^jjSjUo J (jl — Jl sQcl 1 a£ — <_J =vJ I a '•^JJ^ jl L>* ' . V' LjJ 4_Laj CLuij 

4 -liajj j al JA. L_l jl ui\£, ^Ltll j (j UslaII (^gjl ojL: (3l*-ij CS^ J — l£ 

jjl — 4J 1 a J — 9j ^ — 3 — lj' ^^aJtjji J (j-a (^-l* 5 ^ L>*J '(J-^J^ jlj-^ J 

jjl uj j Jj-a « ^ 2 (jal ill (_5 1] J J*Jt ijj^ II jl 4-0*-^ i— S jl*-a jj>» 4_jlc- 

l_Juua 3 |Xuj & jl JJ «J 4__L^alA ( ^ J Lj ■ aj La o > aSl Jj J.»jj jl JsLjalL jjiLljll 

— (j«m >-i — Vial! j JC- — l£j' ^ ^ °' -^H f^J I *m. „'i ^j^, \1 , ^.^ i all 

• uj jt ^VUJI ^1 j ? ^V> jSij i ijSj J VI 

? I JSC. lllJi^Jjai |j)La lSjAJ • j 

jjjjil ^ o jj**j}| 



16 



Gerard Milburn Jjj — jL* j jl j — ^ ^Xaj — 11 oal i. — j j — jj! 

jj — ^. at I J — jSj L^a — jl j David Wiltshire — - — jsI^j 

l_j — j£11 (jjj — aaj c _ s — 3 Jl act j — jtaj John Brockman jl ^jjj 

• Steven McGrath <jJ J?^- 0 Penguin Books 
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Kingsley (^u^T^JJ^l^ i "*»<a3 < j^a nj V U*>a t>J-H j-^j^-M" 

.Amis 

? 4j3 Jjjj jl <3j 'I i <-»") jj^-oJ La-o Iaa (Ja 

J—JC. j aj ^ 3 Lajlj jliLa J ^ jj^J l^la J jjj ^ t<Lla J jjl o-ifc 

(jLui II I Ijjljl ^aluil JLvaJI L_iIjSj (jl£-aj (jLaj ^ (jJC-' _ L>0^ 

j'" h j Lj A ' . 'g ^ ^^>aj ^J-a Sl^)»JI AjIc- ' . l)^-"^ 

. ^ A1 0 ^Ir. "(>jJI aJV' Sjj$^I AjjI jj 

— 1 — aj — ( a^j — JJ (j-aj) (jJ^jStLaJI jcLLa SjljVI d6L« La£ 
LaiLuill LaS .<3 A )-\\ >s-i<n\\ Ajl-laJ oAuJIj "jA . Jl" dll^j-ali-a ^jJiaLLb 

.IjjjjiIa _&1 LaS ^)<aVl "(j-O^ J "lI.* 8 "' ' " oJj_a»JI" (J!La 

4 ASua\ J— laj t>a3-JI CJ 3 jLol_JI J-^A ? t^iljl ^imij J^i 1 1 JlA j 

? 4^ak 
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£ 9J .4 c $ a ail 4 Sj ■ "V I j jc jjSiiill j^a (jjliL is-lc i ftjujSu 

^ 'iisS J 3 iJaLail jl J S^aSI j a ? J jaluixJI j CJ jJaLaJ) (j-a J£ JafJallj 

C J ail i_i j£ ? J J ^. jll SI J «J CjL aJ jJjSiubaJI L-ailJ t4jj »"i i iil (j^-aj "V J 

(jiaSI liil (j C lil «i 1 jjLa. tiilj LSjj jlj ? Jja.j-a jjc ^llc t_ lA jj J 

Ijl — a ? a j JJaJj (_g — > <• J «JS sjl Jj jc 4 liaJ: Jj Vl i nj ^ill 

I jl « A\q ui II jj — a^l (j — « j* j — 1] jiuill jl jj j ? jjl jA^alail j-al jjS) ' " 

(jjjj jj ua (jjj SI ^ iJaLail j a jy- 4 -^ ^ ^IjmSS 4 un'illj diS jil jljuaJ (j j'Yi ui 

? jjjj£i»Jlj jJI jjiiS £^a!i^a 

tl£l£ji ajl (J^l » 1 1 il ^Jj jj j-4 j SI 9 jLul SI jl ^ jjl iiLIi V 

j jr. j A„,% ft uSI J SflVl Jl JJjl 1 ji^cl jjiil JjjjLjyiiS 4 j , oi1 1j (jja, sjUJI 

black Vbjjj — SI t_jj_iiil" j "Antimatter" "ojLia — A SjI — all" J la 4ijJLJ 

.^ial — a. JSJl — j j>aj — il 1 — j jlaj A — a.jj LajI ^J] .lift £2».JJ Lajj j£ij .holes 

4 jiiw — 51 j — JC ^ aljJ (JSJi — i Cjj jju J 3 j-ajii Uj^)]ij jli frjs-njj <J£ 

ojJ aJla j t j J«jilj Cj .iLajiilj A iaiij^a tj)aj\\ kilij du\£ 4 aJ ^lil Clllilsoil ^ia 

J ^ 4 S^J <_S — ^] U^J — ^ (j* "i! '^^J-^J •W & ^J ^»J.1^ <«- 'IjJ^ 

j_32J — JJj ^^JJJ ^5 J t3 ^ a * a U "j" ^ .■'^J'^J" J J^lj l-^^V?-j JJ^' 

— fcj ( j — A 4>j__n*j (j — 3j (j^jl — i. — J Ai^laJI jc (_5 j\ > luib 

.6^*J 4jjyu ^jJjLai cLoLtJI ^^i JjJiilj CllJaa ^gjil a jh'ill 

I I SJjaJ J — JjJa — 3 Lag-a 4j| jc. JjLaiiil jjJ t(_pajj3l j J£ 

J — L\ Cj\ .(JjiI iil J — Si 4jjoi illjj jlS-a JS ^gk j-ajil jA j-°J>5l j^ 

JJJ *j — j 1 iil pa-^ — SI j «j .^^oil—C jl ^jjSj ^gllax "jj-ajSI" 

4>.i ij ^j-o J) — Ji jl V] — ^>«i' ' JjVUJ I ilia i_£lik^l j^i jaJ ^^Ic. j-ajil 

4 — JiaJI dlbk _4joi jil 4 — jr»_i3 j A AcLji SI J) A jiail ^_a^A j . jxjil 4 LI i jA 

.ljC_ajJaj^i Cyj^ 4jl_a. Jj'N i iUj tlVil "> j^Jjii 
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Sir Isaac Newton ujj^ 
21 



^jl jjju JJ j-ajll pjniS'i jS-aJ 4jl — 'i JajJI si* (JlM-a* jy<a — ^ , >il j\\ jjxj 

j a 4 Saa 1\1 jA — (jVI — J> «a1 aj) j . (JjSIuiaII j jj^alaJlj ^^j-iaLa]! : lLl>L> 

4Sj£lj_Jl ^ 3 J__ la ^J=k-a — ^JjL^ll J] "JJ- 1 ? M*- 5 ^ ■ J tAjbtill Saj'a-vtt 

A 111 jl 4 ale. 4Auoj -3 ail (j<a j • .}»_: ^1 j 1 >>i^lc. (Jl jj V (JjSluidjI j 

jl £ 1 a 1 J iiiiiaaJj jiaaJ £«a 4jal£j»aj lg-mflj 4_l£ (jj^l a jjJataJI 

jxj__U Ajjj ilLi ^t»JI (_>uaJI _aA .Lu (j£ Ai» \) La jl£ IjIj jj^JI j)-a tiLtS^a-a 

( _ s 1c <j3 (jjjSij (jjoLill j-a J^J .4-La jJI LjLiaL J ^ Lual-iiajuil <Ja-aj (_£ ill J 

.Ujaji jL> Lka, j iJjjJi Lka. I^A (jl 7) .<— jaj 

oAij j Jaj Jjlj 4 jJ_>ii*JI j_J^' Jj^ ^* ^ .i^^J ^ ^-la i s~i ^aj ^1 I^Aj 

jc- 4jjjajj (jj\'uVnl ^a-uiLl 4_i«a jjII UGLj^ J UjJjIjlj sj£s£ ^-^iall L>*3^ -? 
^j-la. ^.ic. i " u ^1-s"i > nl j jLajil j jlS^ll jjx (J£J jj jjij a Jaj v," u.lft jllj 4-Udmjjl 
LJ.l_g-aj iAl (J* -0 ^ 1 <\J i nq~l ajLjoLl jJjSjjyii oj jjJal-a»j ^jJaLa j>aj^ aj ■ ajj 

Aj±ui — Jl 4 — Jjiaij (_g-a — ui 1 a £. — Jo jj£ j)x jjSl jVl ^ »>iVll J3j 

1 J^La. £-1 A 4 - iJ__^A-aj SJj^C djIjLui^ ^La^a 1 ^ t.i >i j JjSc ^)JC- j 

— C xJI (JJ — aJI I Jill 6j£ill (jlj Jul tj-aj^' (jl Jc «.LaIxJI jjj 

^ — a j . ( _ s aiaJI Jl — jaJI J — jjS j — a t'^JiJ jSl ^jjk J j£ j ^jl^o L>*J^^ j' 

jl jlIj a i <a II j a 1 C_aJ 4 al*I] (_^Laj ' llil j La j)-ajil ^ "■ ■'*' j 

.4 ^ i >t) jll 4jjjjta-!lJI 4jj*^l (*C-J ^$-aLa! Lajjak 

^JlaJLu — J ^Ujjo: jil 4 — JjiajJI jl jS (_j j j L-jty^i A^ajla]! Jjj aflll J j 

4 jj^j jLjo — 11 Luia — j! j — £-aj i_S A j tjjxjll J jiuJI 4Lul£>jy li j^" ySJli 

^a^a — A i j l L_Uu^a — II (j a jl — £ lilj .^Ivjuma jl jl£ LuiaLa jj^aC (_jl JJ 

JB. S jj^_JU (jjj : ! o jjg II A ! jLaJL liLij j£ia J*-aJl lift 

j — S-aJ 1 a-a — C.I 1 ajjj i4 j3 LljSa La-a L_ijC.I Jaiis j-ul jj£ll" Halclane 

."<Ua jl Ja. 
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Jjif ! 



• jUm Ji^, IfijJJU ^ <J <>jj)" 



^ 1] ^£uu 4-^ ja iiU g-Ogj V liLiij ixl- J\ J*£ V Lug 

jaU .11 jSf .StjS V) V »j* jSlj .A^ill jfc ^ Jtoj- Jjiu^l 

<>oj 1] ja'jJl ^>Ck-li SjJaj ^JA j jl J^la. ^_ya iilL J*J! ^Aj • £<*>R ^ jiuul 

4 jjlajl oj-"' ■ ' ' » j <ji£ _«Aj ' ' j^J)^ ^ J * J^ 3 tgJaknt j -iix 

■"'« -"^ t j Jjii ^ii3j jSL j . Lolc f ' — J! .1*1} aJ "-U-aLiJi Ajfuufl " 

A i^jj t^-alx-il JUaJlj jJJtl^jAl'l SJuLj^U fr.Ultii jjfi^aj A^AJ /jjjiiil t j> ,V< jXj^1\ 

CA*} j—? J jr -- S3 (j^-jjJ M J**^ JjJ llulj ILLS j\S 

tc jxiall "^Ljia t- w J"^ V- 1 ^*^ Cj^'"' '""'^ A±.\ j£ CLlLS jl JvL^j .pi joao/l 

. jaI >JI i jil a I L>4J V j J jo.n »j ^^—2=» »'»*■ ^ ^a 0*^' ^ 
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ililj 




Albert Einstein oi^4 ^ j4 

J__jJ>aJ 5JL-u — aJI £ — L^al ^ — jci ? JJLaJJ 4jl J jL kfaJaL <ljc.i (jjJI La 

viJIj — ^ ^1 J I^jsIlj a Jjj £t *-^J ^C-Loi ijj^J LaJj ^gJC-LuJ lajj (jjiaj 

,jj SI (jj — a* <iJ 13 (j a J at u 1 .i*_a]l <ijc- (jjJU> Ljlj 
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— jl j CjJ C ^ J Cape Town jjl J (-J j£ 4jj:u ^1 j.jjl jx 4-aJlli a jjLL 

j^j— 1! (jaj—j jl — 9 .Heathrow airport jj— jjA J — 3a* w — a IUL> dljla 

j jfL i n S £. sljl! 3 1 a! t£l 1 A u nMLi 4_u£j jA jj^J jUaallj (jjJLail A.Un'lllj 

.^J a.,u.o131j y^k Jal 

^jjjJl Cj jc! V cs ijl 1 aAVjI .1 1 ofl ^1 i L-ia.1 jjl jx ,_jl!ilaij 

A 1U. cj oil oj_fa. jS/ SjaI lij 4_a Ja! j jS 4-ia.jjl j| j^Loil jxl I jlA 

3 *jtj-<u aJIkJo ilj ij\ LuJI a j-N'kH j 1 lajla jl ojj! LI! 1 IS! j a jj£ 

11 ill 3 jll t_iLuj a. jjJ tiili j ojLuoj <lLa. ^ jAj liljajj ^j lIiI jjlkll 

^ Iwa J 1 list L_laj oj! JJclj ^ jV ' SI ' all ^jjJaj^s jA (_>uji tiillAjl j-aj 

^1 — jjyill j"0 — ^ J— A lS^ ^ ' 'ij-^l ^ 1 .a UijjJaj-a 

(j-aj 11 ^jiaSl — JJ jl j A ^ — Jj\!ill 4 Laillj . LgJ J jic V dl (j n,a i AjjLa jjS-a-all 

till la jj a If. j (J Juy A jl J- i all jpi jA "C±a.jia ^ill JliLaJl ^ 

A il j lj A SaaJj jl jL-u £/U j S^sj *V Lola jAj 9-li.ljll 4jjl!lll j^a jjj^Lall 

. a']\ ^ 11 > "il n,n\Ll 4juiIj2 j^fl^ll j^i 

Joe Hafele J— jiU j_^ jL^Ljjill 4 j ^la L j i_ijLJ j* I^aj 

jj 1 — ali 1*1 n livi ^L.c Ritchard Keating ij£ jjLLjLjj 
»jj s^ll nil J j a. jj^-j till jj! L S^c 4iJl ajIIc ajjjjjSJI CjI^jI* 

J 3 :l£ A ^ J a '"'1 frjla dllf-lj 2 A. a i lll^ jj all lillj Cjleljl jjj I jjjli 

: 2kJ j-aj II :1__^J3 Uaik. V La>a jjIjjII djjl£j .jiajVI |>fi Jc ^l^JJ 

jJ — J (Jjl all jl — £ <Jll — JA. . J — aa-aJI 2 j-aj 11 j C sjjUall ^ llkj jjSI 

Aj JajVI tllL_^jlall j_C 1 Lai 2 jjlj jjU 0^ _J j^L SjjUall 4jia CjUI j3 

. jjl"h.ojjl Ajjjaj 4j Cji JJJ La La> all J jAj 
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(j a 1 ixS^a-a i-Ji likl Ijj (jljjl *1| ^^Jfljj i j V'Aj 

Cjj J — ail j . ^jjJ j — jj J 1 «^ c j' l3^'" j L>^ ^ ^*-al ^jS! 

£J la ^ i) (JJJjl JJ^' "-^ ^ «^ t4 -i t^*- 0 V ja-^l li& ^gJc <j-«J>JI jC 

^ — s i - i^j ^1 j as (_§ j sla d)j di il£ — (-3^-* ^-JJ^J J jij 

^1 2». jc-l jl Jl — oail (jSf J ^ ale- J1 JaJ A j^lir-i " Vj t^tJj' j11 Jst JlC 

^ — jJI Acjjjo — II jl jxx j J.} ^. o^±£i iil^pJJ <jl i _^>^ 

j L£ V • • , • • « A iU <tjj 1! ^ A ^ ia-a <U jjijfc CjI^V Igic dj.ia.jt 

(jl £ \ «]£ p. jjJa SI 4X.J ui j a lIujjSI LaS£ <jt ij\ jll AjjljJI ^ ji« 
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jjjjl jjjiSI <1aui j (jxj — II ^ a 4 SjaJI 4 1^J3 (Jl SI ftUajVl I^A j 

£. JJJJJ f> 9j tftj^Ja — SI 4x.j uj ^ ic Lajjuiia j><aJ>SI ^ — j-°j^ "■^}- u " 

<_S — * :4 ?L>)/I UJ^ — ""J (J— J- 1 — > 0 ) t> J^'j £^ 

1 iA ^S jjJI ^> uijil 2 lS U' Hi '*'"' ' ""' J *4>0^ ^-^^ Uj ^^j ^ * 

4 L]a jS J J^-a^l J «^ c - -2=> aJI laJ i ift Jai.V j O-iaJ cW- 2 - 

<£j uj (j a L_)J jS.1 1 «]£ , ia jl 4 i£J j Lb jaC Iaj I iftj 4£.^jaill W^J"' 

^ J tft j-Ja 1) 4X. j uj L_Lu<a j <Jjl «J La-i it % ) V 4_buiis LLLii if. jjJail 

Cjlj a £J uj jl^ Lxj I lajl (j^j SI ^. J > .-a .Luj 4jc.jjuj jus %^ ^ J-^L«-J La-lic. 

.^4jj\j A,0 jx <— IjAJ La o.li.1 jll 4X.LJI liA Cll/jS) 

£ Lj LaJ ic- I p-gi V ^ li s\ J L>oj SI (jp 4_uiill 4_ja.uil jx J 

I ijfi^ £ al jSI j"V 4j^ai a 4 aj jl cs SI ojLij sift j .c 4x-_>j-u 4\£j^J| 

djjJa SJ ^ j ii2l iA .t-yJa — SI <r~J — uj j — L 1 — g J$ aj "V 4jjlc. ojLa j^l jl 

«. JJ J a _J| 4x.j — uj jjl — a-j j»Jc Saclij t L jj jX-lS (Jja. jl LejjLu j£-aj V 

. 4-UjuiiSI 4 i ^lVtW "^ l"a *l \" ^ 

jjuj 9J I a-a I 1 A j .dj — il£ 1 J 4 JjLjjS djljj 3 j < Jl all Cllljal ijj 

^1 'i-nj * jj-ia SI (jl 9 A , j£^ua 4x.^juj SI (jl j Sj 4j*y ^.aLti) JLaJI uljl Cj* a j«a 

i_Jj Si j\ a (Jl !La]l (Jjj uj (_g Ic-j j ^jJI jjli ullliLuuall 4 jS-i»"\S vLjia Ll-aj 

t jjJa — SI jl y i»J 1 <lj 4jj j i_jl_jj — uj £ jljS — Lsj LpC JlxJJ f^ya^kl ^jauil 

I ij^^a j SI lj A Jj (Jj— aaS ullljiuj ^jl o-^aJ ^IjaJ jjiajVl jC j_lL-all 

I aj 4j uj \ * * , • • * o jl J La 1 j3j Ia jjjaJ ft jj^ail £rl^-J "4jLull u_ljJ eji-a" 

■ "4 nJgj" 4 jlor. ( *iaa]lj jjSluj l^jjljlj IgjSr- a jl-iji nil jl oLix-a 
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(jjfLi ui L_l £1 j^JI (jj J 1 ^L^a ill ^ jIjII jt (jjl^ll JL^JJ 'ij-ajlt 

^Jua uij .1 a A afra A jjji] (J^J^ (_S ^" ' J~ ^J^ <^J^ £^JjJ 

^ t ii lui »J a all \ &j_aJC <jl 3 ejj^a 11 itj ui qa %*\^ Ljj&jjji £.L>Ja3 

(jj^S—uo t£ j' la SI <*<-.j | j <, ^ ^ , ^ ^ (Jjl__*j Ac j ui Aic. j t^lc- ^ £ , • • • 

'••>■»!-'; j S 1 a\ if\ C ) i > ' t _ s 11 La S3 ^lWu„ LgiV VUjj 4 ill 

1 ajj 5 La. jll j- ij 3 «. jjJa SI <c jjoi (j^i % £ H,H^HH < ^ J jj^jII 

.JaaS SLiak -l<sl j^)»Jjaij 




ijjl C. jj_ -a l*-_}^" L^JC.^)" JjW"^ ^ LjjljjUa (j> n^j j '"' lai^ i lit jjl U]l \, ^1 

(j « dilc.^jjjjj ^kjjp c-LiajI lilliA (jl V) («.jjJaIl Acjjoi (j^a i^VI 

diljiju II j t«ujj£JI <ju^VI (_&-° ^j^P^ UJ- 1 ^^j'">SI »jaj r j i all Ax-^jai 

c-Ljaill ^iMUl j Sjlg ull «.l j^Su ^Uj^VI -LLiill L§ilijj ^1 

Ja — (j| ^j — SaaII jj-aj .c-U-iaall ^ A <aiaUI jj-a ^jj Jil<ul o.'uu; ^jLjJJ 
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r-» ll x ]l t_f>» .a jl La£ .<jjLc djlgulaS j, i r-iLltil a.uA -I l^lul ; j-ajlj 1 I^JJ-laJ 

Large Electron Pasitron Collider :(LEP) <jj ^ ^. Vt <-j jjaJ — j c_sjjla]I 

Europeene pour la <L_jjjjJI djl ^jlAJ 4 jjjj^I 5 — aJaiall J — «la^j (jjlSJI j 

Ajcliaj — J_i (jill j n fljja dyt LjjaSlj Recherches Nucleaire: (CERN) 

sj A J— la ^jij .fti* c-UajVI SJLuW ^ dl <C Jjuj ^Isjj IgJUAJ V ^tjjjl 

^ j"l i u ^.H CS^J •UJ^ A ^' Jj>^ <_g-SI j-aj^l frUajl (J-^J Aiia-oll <t^jaJ| 

a «^ Lj LajS j-a^ el-j^l (J- 4 ^ £-* <jjlLa]Lj (j-"«--a ^li o^LuiaII i__s jLJ jpa 

.<Lijj£]| <Lh_ujVI O^ 3 *-^ S-'jW-^' LiH^ 

u_Vj t m 1 f L_C CERN L_ftl jj Sjl^aJI LJjUdll t> 4U,n ^ij 

jl iii.'V JJ» ^3 (J aji-a IgJjIj — J J 3 milOnS "CjLj jj-a" ala>.i<i]| j^l'itll (jl 

j 1 UjJaJjuia S ClV jl a-a — §1 ^ J t (j-ajll Aj-laj j-jl"uVnj 4_blit/j 

djl jjj^aJlj . «-a]l I — Aj-at l f-i j JLio ^g^L^ljj Lgi! La£ a jVuna CjIjjjIaII 

a jj Jijjl a. Ja ui jla ^ jjjji^jJI ^gi I.JJJ (Ja> » .all £jl^- ojijbai-aJI 

ACj — u, (j-J I £J J>^» J <ji_JI J J — A—SjaoJ lilt j£] j t^jjlii 

.S^a ) Y La Slxo (jj^l 0^^- C JJ-^I 4jC.^)jui (j-a %^ ^ , V 

j — C 4 J>aj 9 J JC (jisl jj 1 a ejl c. (j-ajJI t _ s ic <£^aj jailj 

uo" 1>j (j— a J £ 3 jut-ail IJiA (Jj^ ^yjSJ JJ-^ J ."^jljjil" 

4jjS ui ^ 3 aj^Ji J j ajsj ^1 uj dulflj tjjjliiijjl Aijlaj I jn-sj (jl "^Llu" j 

l_j Jj3 ^> ^ 1] <. jjJa II A£- j uj j— a %^ *\ (Jjl*J AjC^uij Ijjj CjjUa ^LjaS 

jl k*-^J S J jLail J j»l uj ^ Sj ^flail Jj t^JJj u^3 CjIjIuj jjic Aj& 1 jj i ^a' 

j> lj .l_Ialc jJJJ^ C j A ^ ubj^l CLu3 jjil UuL 4jLLi' 4j3jjtjjujl (_jjjl uliSjJI 

dil jj uo di^ j I I aaj 4 k. jll iliSjilujI Jiaa JUJ ^ouL ii53i£ tliS j3l jla 
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ellb J jj a. 1 aiu Y • Y ^ j A ^LtJI jl cli-^j (jJaj^U elulc Le-lio lilj . 

I j «j« uj ^1 J ■ Ij SLAj tY • • ) ^It £tJjtj]l jl£ Ia^*L« ^l^jfl 

j a J Si J su > 1 JtiLlj } V ^jIjuj LaJ AjflLi. ^jll a j-aC jx Jjfd 

^gJl > ii jl ^ axj til_Jj jl 3 L^alj jjjIjSj . jp>iJl (J^j j) -0 (J-^J f^** 

£. 4 jlj -I - ■■ ! Aju ilL (J;""' i " all (j a \__lalc ^ V ojl^La La J\ t"lK'jl 

A jj (J\ .(JjSlua ,<ill 3 4 JC-JJ £CJjl J til ^ S] j asij jl liLfvaj 'ACjxm 

^ jll <C. Jjuu 11 lj iL 1 a I jj Jjfji 4iuu j-a Ja! J V • • « ^»lxJI (tLu (jl liljfLaj 

.cjA^all <C-j^u jx % < ^^,'\^^ < \H^ ojl-lLa La l$J jSLuij 

4 j-a jJI 1 lil-Li. ^ a2 tajSLuuJI JakJI jA jiilaij jjj (JJ_>la Jj-:aal jl C-SjjjlaII 

(jj^)Ja J 1 .og '.jj (ilLod I ^ 4 I— i'<a ill j (Yj Ajgjj\\ jjj <Jx*aj jl ^ jJaL n"i 

Jjidl ^3 tUjj jji j-aJ)JI JLiJjVlj ULLLa J-a^l jj^J jja> 1 .jaJllui* 

.Y . Y 1 ^1*11 ^ jLJ J >V1 jjjUI iil «d cil tj j-j J\ A±^J £ 
JS! djjlL LoK Uxalj y ^1 <"Y . Y ^ ^j^l j»UJ!" j "Y . O 

. jijxiljil jjj j^3^' J^ 3 ^ ( I^A ^^ic cLjaill 
j^j j^i •4j"^ tjjiaaljjll ^jjjj lillj jijIjaJI SjAlJa jl (jjjll j^JJJ 

j^a (Jfi <^fl ja jV \jA j_pa9ljj "LaJ (jJtlla ^ j . Igjfr I Auu j l$J 

<Jxt t ■ UmJ l-lJ«J ^ jLuiij ^^ill JIj-u jl kilJj . jjajUa!* Uoui JLujj 

oJ &j .(jiajVI lj aJljlc Jajj^il £ jjl . r-ill c-liajL 4_i^!lLa ^ jll J_a^. ^JJ^J 

~] u, 1 g ui jx jjal <a>J^J (jjuJI ^ 1 (jjil ^ a£^>=JI ^ Cjljjjiill 

.(_pajVI ^^Jc jaLuxaJI 
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si a_i X • * V ^LJI ^ ^jbU sJjaJI 1 g £ <u V ^La. (jl Jaa^J ji L. 

(JjaL i « j-a |_£J=J Laic. \ V s Jl«] pLjaflJI ^ jiaJI ^3 .Laa ^AJJ ^-S^jj l _ r b^iaJI 

• 4-La sJjC- V A^l j (jj^jlaJ (JjJiLtt<a]l 4_Lk.j JilaJ <ullc ^C-jpoJ .^Lui 

( _ s ft iVi <L wjJI J L^j ^ ^ J..'" 1 l. u " J v-S" 1 ^) LS^ '^C-J^ 

A ^aUJI A £J JJ <_g 9 '4 ^ S ^ ' ^ ^ is^J^ <^ ■ ''S^W^' 

e. j ■ >■ 1L 4 jLl3 lIjLjJ.3 a. j-o j ;4ujiU»JI dlljiju j^»>i"ni 

4 Jlft .lail A^JjjJI ^Jl J^ajJ 

4__a_ni]l til Lj 1 ljLp ja-Ljj a-i jl ^1 ^L> 14 J lilLowiV' ^ Lu i uJ jftj 

j < da ujj ^ jII Ls ft j A-alxIl A ; u.i ill jc 4jj jJaj ^J!3 jr*. ^ ^ ^ 0 Ac 

J j La diljijl J J a uj j] ^ ^ • 0 ^1 c- sjjjuj Lall A jc. 4 ■ alaJI Ajjjlaj 

Lj-l* Ja ^ jII p\ — Sj^l j iC j .lib j pLja all ^ ic.j (j-ajil j^lc 4_ljiLJI 

Jjl «J 1 a 1 aiu till $jL<JI jl C5 II ^Jj— j (_>ajVl 3 juiU. j' 3 4 JJjlkj 

: jL i . ua x 11 i_S ^ a *° • ^" ' * <-3^ A-ijliijjfLjLa 

:s\*aall ^ J5^J SjM j^jJI 

1 aJj) ^L_b all J jIj I g U-vM j j| « lln"un J ^ — ill <a.j^]L tjSij 

j j^l i^lli ^_>ul jl: I j « jij jl U-W-^ ^Jy^' 1 " ..' .(<jjLja3 <jJjj 

1 *^V" J c. w 3 4 j| ii] Si j aj .4 ajjl 4 Ac (dllg^la) CjIj3 3 U , „t 

jj-JJ J3j — « j Robert Vessot d> j . , J dj — jjj j — « J__S ^-Lki — J 
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ail iJ _J Uu^L jjj-^a l — ^ I j^Lj jl Martin Levine 



5 J — S^JJ 1 



^ 0 ^ ^1 o ^ S3 .4 IaS ^j^j La elii SJcla jjaJ £-J9j ^Li* 

c-Lb J j-°J)^ ,J«olsua ^jlijUi 4 ■» -s j ^JJ2sJj duj^J 

^ Loj j LI ;"' i' AijJI 4jIc. ^-Jj^j AjLc ^1 ikli jIjj IjIa t T , 0 

. Jjlliii jaU] JjSb jA Laj] J/uia jl jLa jA Loj j . % • , • . . . . Y O V 




1 4>Jllxjl i L a j J J xj 1 a ^ 1] ^jiaj^l Lit i jl > ■ la Lj i al !j] dljlj 

tuftl.n S l^U .., 4_^iL> jli (<JUJI IjSSSj iUi^VI *-*) 

J jJjl j]I lj & jl .iaj ujj Ja-T-Ja II ^ 3 _>aj J . j-ojll eliajl jl^La 

jl 3 jfLajglijj 11 j « « , ^ Lejlj 2-« 'La.^a. 4*aj3 ^Jl jiaall < 1 * .-i'i Jj-aJ LoAjCj 

^jl nil ^ m^il j__gJajj .^ l _ s il ^liia. w-ij^-a V j tl Laau-a jViMn, n j-ajl' 

jl y fi .< ja a^Vj Sj Sll t _ s -^ ^ (jr^j^ *^Y' 

La J 'iC (ji 5 a. j J ^ SI j-aj SI \ Vi\ U\ jl£) QjL^J "V ^ J i k-ij j«jll «.L\aJl 

.Lb j^j jl A S i iuSI 4_±a. j>a a ^jL^jj La Jl ajSLSI jiiLa£jl i_L-*jj 

j\ SflVI j « ^.'^"1 J J xj i jT^fl jlajjlm (^ic. j^-iSI li* ^jJc- t_>JJ^I 

Jl ^—i 4_S£Li — SI *j — & ^ It LjJ i_J ^lUla UaiuJa j£i j .^LajJL jjJI 

Vi J ^ ! ^jl 4> ISLauoi jl j] 3 o-lj—ij ,-.> ill ^sii La^JC illaS Sj<Ull c.Ljjjill 

4 - ^ ^ j a 4_iia !j /gJjl ^£ ^ i*,n ^3 J j"-"'^ 4j jj la* ■ iaj jj 

CIjIj £ 4 IS mi a 'el =>J I jii».l-i J a oj .n£]l aaJI j* LjaxJj . Lg L caV I 

j — Sj jj j] 4 aL i a Jjl xj LoC lg_La a.ia.1 j]l Jjjj V <£^ajl 4_J jx_a Ajjjjla. 

x . . . JIj-a) jmU! a re a ^_jc (l^ s^i jji) ^ ^ L^i 

jl 4 ?-J^ 4 SjIa J — iixj ojl g-l«ll jajaaSI ojA 4jjiLa.j -(j^a UJ^J^ UJ^)J^ 

^ — gjl ^ — ii> tJa — aa dil — jjjjjij ^ Sc 4 jj'W ^ LjJS ^"'1 i /n Ljj3 iJliljiSI 

J jlj «J iSJ Ijl A J iLa j-a ia.lj "Aj aa ill CllLjjlijJI" 'l^lic jjSilaJ 

J ' xj aJJ &La jl jl C ja <Lsj£!La AjJui frl"lir mi A-lLa-m ^3 I 3j aC t j_a!lSI 

1 — jISJI j — a jj_ £3j "jjI — gJ" lj^_Aj tCrob nebula "^jI — ^Jl jLLj^_ll" 
jl I jjj— a j tfrL miVI J_Jla j^a j JjSJI jj jSlall w-LJaSI JlS j 

"4 jla" j . j-aj — SJ lxi f.\ iajl CLlb a.1 4 <Ll* L^>. jlajoi Juc 4_ijjLJI 

a.J^a 4 aLa j — a 1 laul di — 3j ac-ljS SaJ jj^u ^jjjjlij ja^aj - i J^'J-* 

jjj_Jlii j — a LAjji L_xa tiii_ij| ^ilil j] j ,%Y > JjUj Laj 
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Jill jj ui ^lji lm JjV < J/°"' ■ <aJl I] Lg-J JLaJjj!)U i tall ajALa. jj-aj 4-31 i _g-lc 

.^a^y$\ \c ^-oj CLll^iuJ jaIc. J-lLxj ^lljA 
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^ — ItaJl jxj — II jl ji 3 — Jlc. — ui fl\ c c5 9 Jjjn-> tiljL Wl j) 

jjij 4jj jjjjji) j» jajll (j-a jU. jj ^SLiA 4jj ? ^V^. l^A j£ 

jl ^jiaj i'a jjijji (jlijJl cjlcUJ;]) AjjbljJi cjlcUaiyi ;>> bleeps cAsk 

.A^Lxil Ajfoull jo 

w_ij^a J I gjl ^J__2w< ill 4 J^jiaj ji J Jjill jj^lill i_>^*-J o^^J^ 

j ^ I & j ^1 , a ~\ ^ j*o jil jj-Jj a j o l^J I ^ ^ *n j 11 j jAiL 1 *' ^ ^ fl*oJl jl ' ^£ 

I 4 ^ 1 — «j) CjI — g_u*Il J — £ jl j — ij : j-ajil j-aJij Cjl^jiftji jV jwjiJl j»JiC 

jLjj le j oJ j A 2kJ-lJ ' Wujj ( j«j U 1 i-a^3 ij '^ 1 >S J**^ 1 

j-sj-Ji ^ J V A iV i j ku (jiJ jA ^_>-c jJI jL J jail -■'■ '.■.o jj£j 

j Is ^jUa jJIjj .(^ Iulx pi j jl j^ 1 " il ^ ilojl jjc- <U.i;1.j9 \,ilr\\i.,\\ La v_£>Li_: 

j! Jj aj jl ^ta_wa !! j o9 t J aixil ._u sj ^ Ic eljj .jLaS-lj filial, n all j' 

. jlaSjl J9 a JJ-^ cl— iaall 

4 slaj jjj — 11 J — .u£ j I il3j Ij a. ^1 jl ,j^a jpfil lAjaiiSi aiiA ^LjauVj 

4 j-aj — SI al jjjl — j 1 — g-J Ajlij sjjLL ■ . i£l j jAj <2 1 ^uJacl A£.Lui 

4 jli 4jl la-a]! 2" a ic S^jUaJt ?. ! ljjI 4 g-llg ' 4X-UJI > " <aa j' jla 

Cll A£.Luj II jS? ft^Jjl lall ^ 9 jj j-a jil jl ^ lVn.nl UaiJI j^i jjSj^j 

1c p^jL^ — ^1 ^JJJ^ — ^ jl 3 t j-a jil ^aV 4^ jjSj .l^jl£j jC 

j__fc fr(J u (_jl ^j-a^ilij — oil J i XaU^a Lgjlj jj£j jl L_L3U AjiaJI O 

.Ajli j-ajJ! 
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J5I 



Ja — a.Vj — Sljj ^ — ill 1UJI ajALlall jA <j*jJ! -Xal j) 



— jA — la 1 — « L ^Jc p^TmII jIjaL^ i^LacUl 4£jaJ 

jjllll a. I Laic. J — ijj . J' a. jl t _ s 1c. ClJ g-iLalt lc "LlSjljlSjl-a CLjIjjjIj 

Uj — a. j ^ — A 2 J^HJIj SjjiajJa — all 5 — SjaJ jl JjjL CJk j iia GalUeO 

1 g aj — J 4 J 4 _ s 51 L^j J ^ -Culiill c. jjJaH 4x-^>*jj ( a „'.""''J <l4lia-Q JJC- 



-3 lj£ Vjj t^lil g lLall ^jic JJjJ (jl 
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E=mc 2 frJl** 

ijjj ^aij u LS jII j .E=mc 2 "y ^ ^ = Sjj$Jl_JI jjIi^ hi a tat*^ 

4 aLL = (E) : t-5 iau 1 iA jj ajllj . j_JI JUjjl Jt llLialia ^ UajJ_a. 

speed of t. — U <t j — ^ = (C) .mass — ^ = (M) .energy 

jl ' j .La^-a — *-U A] 1 a^J 5 aUallj 4jl£J! <J UjjiwJ 4jjiajil j .light 

J — £ j tdi jllill J jJI (j C 4 iiik 4 r'J-^ d^' ^a^jtlttJI Jj-iiill /)! 

C2 J oU_cJI j .4 I gj J jA_uil 4_k^Ljil jV ^ U 1 U^J 1 "^ 

J ^ — juu 1^ — &j .4 — jljj] "ij jj£ lAjjJ J e-jjJa — SI Atj^jj 1.1a. 

e- L? j > Ja J o j 3 c5 Ja*Jjj 3 (4 alia ^jji J J^JJ ajLall ^jx 1.1x1 j Ual J^a. jjli i JllLall 

Lg — a ^Vu.i — ^ j ill |j A, j 4 jj ill J tliill j .^1 j| oJlaJ ^LalS 

?tj aJ 5 S'l la ^ 11 J j § jll <£j£ j-a 4jLJ| ^ .id j J-jjaJll !j jiil Citk=«-a 
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j « J jla 3il Jaj ^ 3 f -,|iii " t_uajVl J a,h a J ;aJ SiUa jli JIUi Jjj-ui 
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Lo a^La j« I j» «aic Jt Vi jl dijLi. lilj! j] i"l la^j La . e jj iaJI kc jj-j jjlajjj 

j jjj! j jjill <l*aj Lo Lf. >i\Lj I jsA ? e j*JaJI <e jj-j j» _aiJj jl J ^jjl ^ jLoiij 

ji) La-lic- 4jl AajojII j .Sj;!^]! Cli^ ■» t\W J!iLk j-a Ajjill jjj jj-oLaJ 

jjj j£ lljj 4 Sj£ 4j ^ j i jl ^jxAj ^lij jj£I j i t j. all 4£. jm jx ji ^i'<tJ1 

4 jLo ajl-i — La La JjjLj Loj jjj 4 JLloJl lS±x»> LS ic iLEP J«-e ■» 0 ^ JJ-lJ 

<Cj — uj j — a jj^j LlAj .(I ja 'L . i^ jl LuL Ljjj^Jj 'a L_fi]l 
aJ 4> j 4 jj-a jxJ JiJ -^Lj^J ^J^" L>" Jjjy ^LLII jx Jjj-o j H— Uu <alj ijiml 

• Jala JSI 

j « Ajjy 4 W-sl j tAjjLjj^UI 4u3j£ a ■ ali jl J_jj-<=» jil ^- 1 LalL n) Ijj t j^ajatil 

jlajj jl j£*aJ j-ajll u f ^' 'd \ laL J3° jl) j . ^ & (jl _alj 

lua, .ujl^ajjoi juixj jjlUoiiV 4-naLaJI 4 jun'i\l <Jjiaj Jj3 tdli j t^jl j la 

^uajjjj AjLuuIJ aL>j-«JI 'ejSaJI a ilA j£J j .L^ajl LS JLajl! 23u\\ jac JI^ajW jS-tuill 
J — i JalaJ l (Jjij] ^itilLlj Lo (jlS-a ^ji lilliA jljja.j^a J;'°"'' >bflJl j ( _ s -JaLail (j\ llajJa 

ijja> j3) ^ ^ jLuiL <1S jj-ajil jl Ly^Ja jjjjLjjj]! tg*i*^ ^ o-i^j 

jj-laLaJI j ^^jJaLiJI I LLo jl j-o I ^SlJla jSj] j . I SIax, LlLo j L j$-a 4 ■ nil] ^ j i a 1 j 

£ — a j*J Jl J — al*J vJLs^-a ^ AjSl£ j 4_jjJaj!a 4jC.^Lj JjA-a (JjSluuaJI j 

4 ulSLU tiilj jC JJC jj llu L u l J . (jUaa ^jjLjjS <i j_jl ^ jaJj V L^jSJj tjS^jjli 

y l^UII jJ J (JJ— iil" <jL9J — ^al ^vV 4JLujj ^ jaVl j* ^ jj JSJljj 

."liaa I jxl lilli jl£ j ifA j ^j>-« J;»"'' ilaII j j ■ ^ a SI j 
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L_i & !jj j^-SI ' s ^h^ ji^j^ J?*^ iS^^i ^° ' J ^ c ^ [ a jSl IjAj 

/jjllki — ill ^aJ 3 J 3 j ? j JaUkJI J J3*J ^-^?-J^ ij' Jjfi"i<iSl j ^jJaLalS j^- 4 -} 

,j u^La (^i) vl)S j]l 

j_£a ? jii jlLa ^ "(j^V ^jaL "JiY Jdj^^A : Jl >JL 

lib ^S/l <^A La .ilJ > : "n-> eludes 4_uoLJ ^ (jVt AoLull jl (jiajjal 
<d u Sc (jjLuiyi j^a! ? ajaaiil jj^jj ^ -JUil j^ jiVl 4-"L>SI ^jic 

. Kjmjll JIjjJI lift ^jic 4jL3J 4jU>] Ja. JJ V 

4 jjlia vi»ij Ijjjillj La jaa yJ 1 «* 1 ft '■ jjl \ il&aj VI ? 1 ■ '7- ■»"' LaJj ? bLaJ 

I j3j JgjjMuM (j j&jVtH CliljLjj jl ^A 4 IS uLaJI tl imA ? (oJaJj jlij oJaJj^ 4_jjl& 

j c l*J» ^ jll JJ-iaSS <£jui CLlj\£ j]j ^^JA, tLjJL^jj ^ 

Ajjjx t_sLJl SjSJI jjc mJLuijII Jj^ajj -Liililll j^ Sjjic 

l_j_jUJI j a jla IjIa j (ajjAJI jiVl 4JmJj V jj^tiSI (> jjaSI 11a) 

lb AxiSI ^-Jajl lift [ _ f jj^Jj I JJjS i _yiA Jj£tjlL) !)LIs oj^lia ijL^aJ ^JlxJI j-a jikVI 

ij2 1! 1 a *j] aIjsji Y « jliiij ji viLla ^jj-all ^ ^jIj ti^- 1 ^ ^ j^ 

jjl — =Ju jl I — g Sjl iij V (jl &Ljja]l ^ 4 j > A > nt Sjcla l^jl LaJLLj ^ "' 

. jjiiljjl (j>i» J j^a jjl ,j-a LU t «. j. ia3l <£. jj-u 

AjJa^aaj jl W'l > aJ 

4 JfljflaJI SI j .6 jLiVI J Jj-a jS i . llLUI _aiS (ju>ia\l ^^>iaSI J!Aa (j^i 

4_aj3 ^gic- jjialjJ V 4 <i AJj^Lj jj£j>'n jjlSI jjla^LaJI jl Suto j-a£j 

JJ— — aJ jijl US I LJa 4 iSla ^ <ijjjjlaj ^Sjj a^jl ^jlx jV IjAj .liSlj l _ya^yi!^\ (J*lc 

Jja.\j3l jJ3 ^gic-J tojJ..,';u....iL ■; ^jSI j^a ^jlc ljLaJC.1 f.\ j$\ <■ aluaJLyj I laAj -(jajll 
J — jIj ^Ij . jjjl£-all jjJ Alajjx (<Jjbljll| A_uyJal\ sjLiVI 1 till • ^ ■ aijl ^jll 
J Jit Ja SkiLa 4 JJao ^t^^y ^s_^- c- j ■ siW 4x.^uj i <alj L-^J*^ ls ^ ' ^ 
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jC 1-lW-J «Ljaa]l j-a £3j-a ^ 4-alc 4s,k^>,;j £CJj«aJl ^^Ic. jl t^JUl ji'Vl 
l_j jjj .i^U 4 u/llLl 4"n<un"i ^1 (Jj-aJ La 4A«I jla CjjlS La Ijj tCLul lilxij-a 

0 jjA-aJI jJ) >"'J*> .oAla-Jl /j£La*^l ^ jfcjlSjil a JA Ja-al J^l ^j'l^ia lilljA jj^J 

i - U3i iillj>ia ^ (jJL> ^-ijl J *Loi<j AjujOLuiII ^ CLixl j LjjL 1 ( a£^JI j^-aj ^Sll 

(J 1*JJ LaJ it I'jJjS jjJ (JjjLuI^I IjAj .Ji>b.!>LaJI i^jVn > flj's ( _ 5 ic. *i aJ*!L .■ 

(jjSLuIl <j£3j j\ Aij_)iaj 4jj\jll j-a aj'xl j\ Aj^jjjjj -ij^-a) (J-^J^L J-«^ 

<Ujjj lib .ajJjSJI CllliLwiASlj LaAk. J-ai}j "djlj^l" 4x.jA2>-a 

^jli j]i (jli taja-ail (j^s <— ljUJI ^aa "ll -A luul ljj tjjjlij a Ac. jj£j ^JJ-alJ 

La (jlSua ^ £J£j Lojj i _yaj$\ LS ic liA liojJ ,jx 4 laaJil ^yili ^ vljAaJj ^jjJI 43 j3 

• <jjuj ^ • • , • • ♦ ^Jj (Jj-£aJ ,^5-j-a j jli-a) j-a 

4 LaJll lg_L- aj (j A (jj 4 JU. 4^aJ A*. jJ V 4jl L\A aAjjj 

, «_Jal j J?WJ 1 j »'l ^jSi j . jlAva ^ I ^2 (J^a ui <J£J 4 imil b 

jaj (Jc AlaJ jl Aj ^ luj jl£us j-9_)^ lJ ^ \^ r - 



jjAla-J) jjjSlj^JI (jli (JiiLaiLa jaj ^^it j ■ jj&LauiIi jE-J ^g-JaLaJI jC 4>i^sj 
(jjj j . -ig \y4"l i >i o j afl-LJaLa bjjAj Jqaj (.^-^ 0^3^^ L)' (jj^^^L L_ajjai 

JjJa LaJI j a 4 :! jjj jl\ j^sj . ^jliaJ] t^j*-* -^W^V <-5J^^ ^^A 3 ^L^A 

^ 111 djlAikVl (_>a*J jV . (j_oSJI jj^ ; C5 iiiaJ! jA J=»a3 jjjabjl jL JJ^aall 

1 *jtij j J^VI i_yo» }W lA__)ii*j i-jjjjj i^ill 4_LLuill_) " j i ala 11" i_jLaj Lpu Lj-iifc 

■ Ljajl (j n^JI j ^ j, uUll j] "\ ^ LaLoua" jl "4JjSl1ui n" o^)!!*^ LajS 4_Lal£ 

(^1 *iUi_£ j i ^ ^JJ^ LjJ j) tljAa-a ^la ^5jLuC.l ^ Aihlj 

4 ijULa j\ =L-a — 4jj j 4jij 0 . . . i»j Jc. "X" ^..^ jjjl ( ■ 

(jV '1 J — c\ V 4jLji<a ^L^aiui j^jSJI LS ic 4 nt a J_]Ia=».V ^t-Jjl_aA!l 

1 i djl! a j Lja-aLc- j j^j i 4jj jjjall Cjl jiuJI i—fi^ ! ^J-a ^gAc. jj-a__^' ^"J^"'^- 

43 



SjC ^ Vi<n i^L jl ^jS-oJ JjVI J "<■ ; 1 u^l" jaliaj jl j)*!. tfUJ V I^A jj 



cjb =»Y! * l->LJ lt^j >-jLc-j^ -I laJLJ j JU.jj]I jya> ^LLujj 

2 .US r J !la*a (. jjJj II jjf^J V 1 -a Ijfc iaSS i _yiiiLa ^ La j ~l Saj LgJ jjfLl jl (j^- 4 -? 

Jjllal o-i^lj j i " is] Lai jJ JliLaJI Jjiu t^^j ■ ^ ^ \;.' jj^*^ 

<C^)*jj « eL-a3 4 nSui ^ Llx^La jli (LI ^jj-iajj) j^JJ-dl (Jj3 j^ ^jLiaa 

5 jS-ib Cll alia) j] Lai .(jjjS^ij Jj3 vIjalLl TtJ^ait ^jic AjSAnil jL) ^ Lajj 

jj J ,J ^JJJ jl *■ jj-iaiJ ^wii t - ua j j_jJo]l j)^a ^jj^jV' »■!« jV t^Ui 

<C-j ui jjl aJlj jt 1 /j ^ ■".) d rJ-^j^ 3 SjJS lilUi j£j ^1 1^1 j .j^J^ailj ^jjaj^l 

^ ■ ^ «J ^ lc jjj! lill jj-a I j iS aj V Cllljla^U 4jxa_^]l * ^**'^ (_J->jLxlJI jli t«. ^*^aJI 

aj-iS -i_J^.J ^Jt °J°- Clljl£ Lai ."AjjjuiII" ^^Jc kilLiA JJ-^a V L>*J ' U-* 3 * .'^ 

i ll^Ja_jJaVI Lj Uj a-j i— S j-ui A j U . nil jli 4jlalik s^C-la «. j • iall Jjj^j <C Jjjj 

e^A jl lSJ- 1 " ^ • j " 1 *: 1 '"'..'"' ' JjiLoL^JI j "^. JaLa JI" j 

.(_LiA ulilij <-aLc j>*j Ail «iLu ^ jjjS 
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j— a Hastings j -> a > . L & aL-Sj*^ J ji — aJ ^L_a t< iaJj jl£* ^£ 

jjL^i La^o jjj! — j jil .Waterloo j— 1 jsl j a— S j** j*j d*3 j 

"^L^a" II oj— Sj Laoit " jVI" j "tiiLW ^jlijll " jVI" j "LW' jll 

,j lc A iLa^ q ill j a la Jj— £j j all nil jli tiillj j .lia- jj»j 

J j a. A lUkjj ^ 3 ^L k 1 j3 j JaAj <• jj-cJI jl Uj^j L>jJ>a. t L g -i aaj (jiajVl 

j a Ij ^. ojJa ojJs jLaj Ax. Jaju jj£^)aoJ Jj^jII jV 1 > ojl j£l j i^laJI 

4 ^ uiLsJ A Lfljllj ,\j Jajc (jj £j iilij (jl jlj . Jla. 4_jl < _ j jc. e 4x.j^ 

. jjsljawa jjjjlS-a ^fl "4 h^. Ill (j-ij" 1 (jjllxa ^jja-a lilljA (J^J Aj\ 

J £ j .sjl JJjl (ji^i JJ Vj t J — nillj "till 3A" jA J;Vu.ioll jli lj£A j 

j a 4 jjjS 4x.j^i i J ^JJJ cL-ia 2 Ajjioi £ A__lljLa (j-aj Ajl jA 4_a.l!iaJj La 

C. I jj JjAu9 II t _g-lc 0 jjL5j C JjJall 4.C. Jj-.' 

^ * tlj iaII ill Ja. j — a <I£ 10^ JiLaj V jj. ^i°ll 4x-jAiill j LlA .^gj jjlij 

jL^LI > . 0J ^J !>L_^ £j**l_2 ^la <jikl<JI yiUI 4i& ^a 

4 alia 2k. j jj__}L jj__jL ^ « ijlll Sij ^jIluj 3 f j 1 oil 4£ju /^a %^^,^ 

j — 3 j — alj i-fij — 4 jlkLall Ai'tJallj IjA ■ JJ^ i^J-^ ^^"V ^ J-^Llj 

^_SIL rL_ 

& J — 1* ij L_lAJ J j « J t» jj j] 4 aa ■ «all CllLaajJI ojA .<ic-Lja^ 

A 9JjJa CjJ a.j Ijj I al .iil tj Aula jll ^ljjI j, all ~< laj 1 J CIjLuSj ^ 4jjU-all 

^ — a cj-^a — II Jl — ^.jj j — <s I — Ijja cL^aill ^gi -rj^I-i SilL jjol^al 

j_j a "(Jjajjuj all" jjSj J o£-ol1 iiljjj j»Lill j^*J La ^ JJ Lajjla 

. LyAil J jLlLa 
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5 ^Ul SjUj ^U5Uj 



S jj^a A^JI ^UA L^*li jST 
Ac djlji Jft ^ "AS j^laIV 
.f.^aJI Ac ^ j£\ 

l_!ji_-yAjJ 1— 4 1—4JJ kill J_-J -ill 

."AajLuJI AL11I Ljic "A^JIV 
Punch, 19 December 1923 



a "'J- a A JjjLa. J j £a. J a. jj A if j £ ajLiVI j^-aj ^ia3j Jji 

aj ^ a «.! a. 1 — a£ i_i — lii] j-«j3l J JL^jjVLj ^luu jl 1 g 

W. J. Van ^ jj "i ^ j ^ ^ ^ c sjii — j Ijja. ^_ijj»_o jjc. 

Scottish scientific "4_,jj1£ — a — ^JJi 2 — la-all" u — a Stockum 

l aj 3 a' oL*il ill ^j—a gjl'uVul <jjai? 4ji jt»U ^jJI Journal 

Jj_^ ! a Sj 2g1 J J Jj_^a j^-a (j — LLil 1 — LaX» J jJ djJiaj js 

J^a_j jl 4 £ aJ 3 jala Sx._^j J djlj |jl 4jl JajuiVI jl ^>J .lAj_aa-a 

| j ^ j\ a (jj— a^l ^ ^ — iljjJ Ijjj (J Jj3 U-w (JjlLj^ J1I AJaajJI J) 

j-aj 11 ^ 3 4 ala a 4 ala. ^- j > gaJ jl I g <u eLjaill J Aiii-a 4jila. J jl J*J 

^aljj Jaljua JJ L_ SJ £J jj oj jl — £ jV tl lja.1 IjA JJJ jjj .Llajj 

V j la 2 LjL 4jl jL J)l\ jl ^ nil j j jr. j aJ ^ — It ^j-Jlal t^JlmJI 

S jjij jl J $Ja] ^ a ijjji&l uj til 13 A^fu jli (illj j* <*&JIjj .Ijj^ ^ 

. c _ s Jalall Jl ajj^l jjJ £ J ■ >> _JJ J j—^J V 2n.,i ill ^^—3 ^LoUJI jjliiiji 

4 fijja UJ^' J ^ ij' J — ^ lSJ^' 4 ^ yJ j j ' 1 1 JJJ-° J] J" 4 ^ £^^J 

• j-aj SJI aJ j 

e ifc^ j^j 4£j**J jAJjJ L4aS 

Kurt Godel Jj ja> ^jjS jjLJI jL-uull JkiaJI ^ 

Ajj^iaj ^3 jjliiijl 4-ljlx-aJ I J=>-l il-^ — 1 jj i'Vi oil 1 " la )\\ i—lifcl jLajll 

J 1§J3 j Jj jl£ j j-a jJI "v-jliia." Jc ^1 a"i .''ii a JaJI jl^J I'LaLnJI 4 jlm'lll jC 
jl j 1 t a .'"'i^ l jj] . jj"t.*\jl 1 iia Jl 1 ila A a iiiLa]! lIiLuiI j jII jjJJ 1 "'' J.' ^ n 
Jo s.Ljaall J jjJ*JI j£a-aJI j- jj] < j'jj^l J jl£ <K jj£ll 

J_jLa J 4ji Jj ja. J^Jal jSJ .^j-JaLa]! Jj Lila. jJjj jl Lgj^aJ dll jlj-a 
.a JJJJ j-j <_g1 Jjj jlLa ^1 J] J^JJJJ c^J^ 1 J- 5 ^ J 1 UJ^ 1 
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Kurt Godel ^ j>& 

A jl ^jJc ii.jJ i— ul^jiJI j-a tc- jj ajVnc\ ^aJ jaJ ^jJnlj^)ll ^ jj^illj 

jj_j£lill 1 Afi. > . am <j<£ jl£ ^ > >il all jjill tliLiuijjl ^ ^jja, £^jjsI 

jxiu o^jilail dl J> oil U^* IT . 1 ij' J^J ~~ Jja. JJ-iJ ~~ <K jj^' ij' '■^■ " ^ 

j-laj J ;,><« jLiiVI jo AilaoJ jaJI 4ju£U dtuAJ dl%3 j^l U . jllj 
jlj c4a JJ-JJ 4jjj£JI f.1 j^VI j« (_$l — AjSIc. — -iJ-iaJ ^3 1 g *t ^'"i, ,\ 

I J & jli (J-lja. ^jjxul 4 a i ^ jll "4_j&l 'ij-u/nVr 4jijjJaJl ^aC-JJ . -1*J ^JJJJ j-^UJ ^1 

4_ul£J Jj 1 ill jl £ <iLi jai (jiJIj tjjllijjV liL> IjI ji-i.>»l 



4_& 



A Lajj j fLaJ ^1 ^-jli jU ^^j^ ^Uaill ^ J*ij jx lilliA jl iiLi !i2 t*. jjJall 

I i S j > j3 £ j- tail 4x-^jjJ jd ^^>xiil jA La t^lLlA jl _al ij^J i-!lllj1_ujlj 
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j S^U ijjj 'ajLuUj i"A ajUj" ^ u <ajj "i ■ nm\l' -j h'Sim jl j^aJ i4 JUm ^^jJajS 

^gi) jjl j "1 jllj" Lg-La "jjjLuJI" j i aj jl jl£-aJI (jjL aala j-a jja.jj3 

J xj J*^1Lj j j j-a_)^ LV^ ^* ^ ^Llaj j«a a J.' 1 * ■ a a jJaa -ija-a Ljjj . IfljLu; 

jl 4 i^aj jl jj-iJI ,j-a ^^uil" J jill jli CIiLoKjj .^g-iJaLal] ajLjj 

."lllaj ' fllaJj oJ jail" 

jjl £ J <_$t j£LaJ j] jljj^l" jt lilli 'LlA Aij3J Sjl^-a liJLlA j£] 

j a ill 11a ^jic- «. jjJall jl J j-la. j^u£J ajLall ^ j> jl ^LiaS, 

jl£ (jl 4jli AjJjoiiiJ 4_at*JI IsaJaj .lg uij f. jjJall <£ja. ^ JJJJ jl j^^J 

J j a. jj-i J ,_^lj UJja-a liljaJJ ^JjjjiS/l > ■ mil jl <jl j ul jLa) JjIa (»-uia. (_jl 

3_IJ , i^, r 1 . Uott ^3 4-al j^S ( '« j i tfxj I c_fl jjji3 ^ 4 i .i»'i 

di-.^jm > ^Jjjjijjj 2 \\ a<! ^Lli » ■ II jlS ( ' J H'' I la > "II ejAlia .4.1 ja. j* ajLa 

^ 3 jj^ail) 4-iaumJj ^jjjlaJI l5^' ^ *■ J-^l L5 -ic- j' lA"^ lAjftlS 

*j"l at^aJI 3 IjJ^ (jjl >>»^l jilSJI jl£ La Ijjj .Ails, ajjlj J£jjj 

L-la-ui Jj 1 £j]c jl 4 jk. Ujjl jl 4jli jl 'jJI <jjjUJ fLaa. AJiJu 

f. jj^ia II jl Loj j£l j <»il jl] "ajjLi-aJI <iLla]l ^ jj^JI <C jui (j-a LWjI 

4_li,io]Ij ^<3jAa]l ^joij^l) 3JLa. yjjij ^ jJLu i^afl]! jjl£J! J»->,J jj^J ^ m^'l 

4__aiaixi JjJ a. L5 3j 4jlaJI ailA Jla ^jjSaJI .4_La aJbiJ-a ^^Jc laa.^a] 

4 *aJI jl iic-L — 1 ij^J *• J' ^ JjAa. jl ^jaJ jjLiiS ^jj ^aJ Ii^jJaJI 

."<C^uJI J^La. (3j^" Ajaaj iU j^-aJ La ^JL Jfi ^jLjasJI jjLSIl jl j Ijjfl — Aiaia^aJI 

jl Frank Tipler j— Lu ^Ll ja jjail j^Jil ^^La]! jjaJI c A^u ■ ^ j 

<C.j uj L-L^a j i_jLa <C^)jjiJ lAjja-a J^a^- JJ"^ Ai^^l aAlAiuj 4jl jlajgil 

aj^)jl j^iSI jJjllijoJI jl£ jlj t j-aj ^-51^ <llaJI aJiA ^ - laJL ""' jl j^-aj ji >i\l 

.AjjLjjall <ja.L>]l j<a L*alj (_>«J 
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LjiSUj U JJ J V >jH ^VV AjjAsJI J J- fCjJI ^ Ija 

^jl ail! J j£l j .SJJJaII jl AalUill illlj fljjl jll AC-jjudl <SJjla ^ ja J JJJ 

J£ . o II u a ji <id ja j .Wormhole "^j jjjilV j& ajuL£]I 

^ 3 pjj-ia 11 Aj^ajS k Jj3 t_l i! jj"«U'a\\l jjjj JLalij^l (jx ^1 iJaall jjl^l! j^- 0 ^ 

.(Jj LI ^\UW J jA cS^H) eLjaiil ajjiC- ^ jlxJ! (jjjjiall jc 4jJI Jjx^ajll 

Ix. jjJa^o Vjl ^jj^i! (jl > ; la 1 4-ajsl l5^J ^ 'l^J-^ ■^f'-alL La tlj^Aj 

■ c I ^J 1 ull 1 'jj'q'M! 1 jAj 6 J^ ''" ^ *M J-^l 

(jjjl—jl! hi oj 4 Jj£tjllj SjjUsJ 4_LoAl aj Lb, jijn jxs j)*n'i eljjj«ull l_i j£jl 
cLja all jj aiLsSUI AjIIc a-Jjaa ^L-iaj I^lulujII ojSall u Jc- jji^s-a jVI 

— kJjljlajLS aJic. 1 g i hjCj — a jj* i all c-I-jj^uII i_|j3j11 .LgJ jaw c. ( _ s juj w ' <aj aj j 
J J^jj > " ua <LwxAj Lpjj K» > L&jl-j^-jlj (^jjfLll ~j->- ''H Jjl juaj jj! ■ < W< 

Ciils! j5 1 '1 > 1) a ui jl jJJ-jj . e.l-jjjj Ljii ^ J > fi j 1 g < >i» jj i4_ujjjjj j» jaJ ^ji 1 * ■ a» 1 

1 — ,aja 'j^g-a^J — J 1 a ^-Lw^aJ jjLj Lj-aO jj^-jj j! u-""'^ all j-aj jJJJ^a-all jJ.JA j^s 

— JjJl j — a Jj! jj ljj"n" sjawall jl (jj ^3jxj jjj^lall — * ; j ."(j-aui 

laill J — J3 CIjjJj ^^jllj AjJ-aJ! <5^LajtJl ^ j-v '^1 ( _Jjlallj t<^jl jlal! ^Ij jjoiI! 

. (Jj'li illl jjJ*yLu ^ n'^i'nll 

LG j^a <L£ j! 

i — ij suj IjA . ^g.i n.a.ui.11 1 j "1 laj <Jj£ Sj^s jjjLa j-a i ijiiij La j_g jl ■ JJ "4_jLul! i ljj' 

1 aj j — j£! JjJ ^1 4j jSj-a c!j jjuj ^JjSJ ^ic ^Jjlaj 'l^jS (_^ja.V! L " 'I all jc. 

Jib Jjji£ ^1 AjjLJI ^Laa.V! <jilaj La LLrJj . ^Uj J^s Sj-a i_ftll Jjlju 

CliLcLi iljj tLajjc. OjiuJal ■A *>>«'l in ajjUait j^J 'ij^lS L_jl_La£ 1 - a a II aJjLjJI c.Lui'VI 

LpCj ^ 0 j3 cLuil I le.1 , ^»a. jj^l jj^ Jliajj IjSftj tLjjc j i ■ aj 4j3jj£ 



Jj Sll jl ^i'qj LiA 4 at l-i Jjl jjj] j * i]ja - OiilAaj 111 " J LjJjC.1 Lo£ La L^J L 

Jlail) . Aj jjjj*-a ^ jjj J^i IjJ Laj oljjjjl i_ljajll ^x. jjiill I JA jio Jj! Jjj 
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4^ a jUkl j tjohn Wheeler jL_^ jja> ^jyiJi jjall ^Uiii^ 

^ J ajjl J il-i » ll hJ I IAi j .4J£ ^ 'ill J*-g-y ^^^J l-^^ 5 ^jIa ?t j i r-y 

SI Igjaxj^a l _ g Jc y °- 11 i _ s _lo ajjli JSaj ^1 _j tUj j3 j ^l ojJjSII 

s«.l jj 1 ala^a 4 jjljJI j 4 Sjii J!Xiv ^IsJ jl-?ijl ' ■ llitll ^ j 

4 Cjli > - h ii J 4lxl»»aJI AiLlall jli i _ f laC- J£j^Jj) "^.jajjV ^ jj^j Glials 

J *J IAjxj jjjiaJ J Loj o^A ^Ir*. ' ''H Ljli j»a "4-s'il g 11 ' LjliLll ^ UsLaJ 




Jone Wheeler jIjja jja. 

? jjjl ^) . 'ill jji-ljl 'A j-v ojLall j; • ~" ^j^jjaill i_ajj£jj life 

4 Jjll-?JI ijjjl j oj£JI iJljjir .^i LaK ClivjJu LaSj t JjjJi ' fljju <j£Jj ■ - 
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-ijjj aj Sll jl g jj k_ Sjjujj tl^jt-o J j"' all jl Uj.I»aAJ « ...-< ASj^xj* ijjLa 



J — jLolSI jl iJjjLuijlS \j\ jjVn >il v" >Aa-j jl jjS-aj *-/c-" Vj JSj«l]l Ajj^S Lpl t . iii iijj 

. JisJj 11 La jl ->4'il fiLiil Ljj^)S _] laj ■ 1 g IS jjl Aj ila tilll JJ,'*"' j-a ' " " La jl 

.cj SJLl (jj-i^SI j£j-^l J] -W^W <?Ju •ij'V SiUl JS jli (J CjUSjj 

us, 

J_S jt_, Jaii ^ l^li ij jjtll 0 ^a J ? cillj JS ^ jJ 

<iaSull a^A jl *tjJalj]l j-aj . jS j^all *-^lj A_Lij J jSjJJ («jS5l) 1 ftjLjjla a 

jj__Sj ^i^ixj lA-lic AjjjlUI jlj AjjL^J V AilliS J^- 1 ( — • J-" 1 o jSj-aJI ajUl j-a 
"oJjiUI' (jA^aaJI) <(Jaaj]! si* Jj jjJj-iaLjll jjjjJj .IAjj.1i A j'll g : V 

5 — jjikj w — a J jjc j u vixali c J£ ''aLuU^UP jjii Uucj .singularity 

J Jliua jl LliIc. lllJi jl jjJajiaj jl ^JJ^j i4jjj^2U ajLij AjliLaJ ( _ 5 ^-3 lALuLjja 

j_5 J jli J L-ajj^Lj jA U ^-ijxj V li^l jli aJUII o^a J jSlj 4^5 j :a AijLj 

ht^lj (jl JU1I jx.U 4 nu'llL jSlj "CjljjsUI" jc Ajji' Jljl Ua JjiiSJI 

.1 g_a.jLi. 4 ijjUIl Jaa. Jc- JJJJ J tojSil jjjUUI jjj^auail jlS Uj-o A_j| 

jl g-Lall <i JJI : JiJ-ill j^s i . i ja ajl Lpi ->ja_*l Jala s—iajj ^ 'ejSlI 5_ij3L>j 

jli ijj^C Ja3 Jc. jAjj ( _ s jJI Aj^iUlj jJVI <LaUljl jLa .AjJjSj la3aa-i Jlj La 
^jjjLa. ^5 j Jl^ jSJu J Aj I-i j-v A\ jjSJI Jc AILlwoj liljJJ "i jSli J^^' J 

— j..^ II j siiJI 1 ' aju J]| AjjLJI 4LvL<alaiI J j^jI j^l ^^jc-- 3 .aULj 

.Jjj-uVI jj JJI jl jl_ajoill Ajj-iaLi. 
^ Lij jl L^jl j a A jljjUll jl ' t j;l i ^ II J. ^»all J . "i^ 

j-aj U ^-i^j 1 ^ j — Si . j-ojll ^lliil jl j US ^jjSI OjlS USj i j^jll 

(j-aSl—u A_JU ( _ s — 2 1 iA j^>JJ j^aLiS ^Jajl . ■— ilq'n ^^A Lajjj o^)SJI ^Jajai Aic 

!l_a^ — 4-=kJ a-a A jcUij aJI Jl SjSlI ^-JJJii LaHc .^Ui^U 

j«j SI c-l iajl ^ u^-> J — Ann Axil A LS j-a jj — Sjj f.^ ioiS jLa >LS V 

cs — !j J — u3j ^ — a "oj SI! £tia a) j ic jx jil ja^ jl Jjii jl LaS jl tUjlgi V 

^cJsa — ui ^ — k- |Acl uj) "I — .(jiaj^l tjLiiAJ Aijjj. U A^tu'ilL 't_a3jj" AJLi. 

.AialS ^Ui AJU AJI£ JLJXJ ja j \nm LpC ^jJl^jj Jli o_jSJI 
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A SjLall t_£j^ " °i Cj * "J (jt-^jVI a j-« 4_iia <LaJ (_>>yl (* ' .' 

Jioj A-iC- (JjLojj A \ \ *£\ 1 g "i h "> ^La j*> <n (. j) > /nil ' " ll ^a tlA^J 'LiA 

Jja ^-i-ijj eLiaJl ^ JiJj (Jsj jjjj-aSjj aaj <j-a ejjJall jli IjsSaj .J j^iJI 

i iL jaull 1 JiA (jit Siclila oj£ j-a jjL-ail p j>>i\l jli 4 jl jlVl j-a <iilj 

I J & iJS t^ajll jc jjL»<a e. j^a "'''„' Ij^lj .<a^lic tlul£ jl .Ixj 

^(^gjjj 11 Jj a. (tLja all j-a AiiaAAll jli I^Saj . (jl jjuJI) frj^^ iJS g 1 

. J jjjl Ljflj j«a j i4x.jlij pi J ^aj_u jl g J all 

aj i.Vl : LLallall SjSJI lilli jl jl US Cj-Ll jxVl Uj Cii^j ^1 <Ljial1 

— j»l — uj jj-al jail ^ S^jaJLj j£lj t,j^ jVl j* W^jj c-lixa-VI 
■' * ■* ^ ( a^jl AjjouILj ,*iljll (jSij ifr^^iaj clili.1 * Jfl laj 

t_S J — -J i_a j uj j .AjjIj ^IL^I ja dill* aJbij jSki I jj ■ ^ tjfl j ikLiui ,_ju£ilj]l jli 

(JU> AjI ^jlc (-Jail <_£jj jl jLaj Ijjl ^IjjsLj) jj jil ^ajll .-jia 

«.lj ^4j-u o^)Sj l^JLijjJ I^jS 3^J-« SjLaII oj£ diil£ f \ ■ aflll 4aU'i^ j 

jl — S j 4(Jclilall ^ajil ^Jajoi ^jic. i— iaj — ^jiajji: Lk.J — ^Ljj J!La Ja^^iLa 

jl £ — aljfl ^ a j .(^Luij j-ajlt • jSi) <3 4ujau]lj jlol nil CiIim kjJi (jjaia .CoLoj 

^1 — V JSj^i — j (jlilla-j i_i _4joj ^Luj j JLui j-o JS <La jl (jS-aJ (_5 ill jj jSjII 
lt^'j — 'J — ^ L5^j jW- 1 ^ • cr^^ "6*^' frLiajl ^W-^ ^ 

jjTxi^'n <La£L 'ill ^Lxji ^JJjoi LailJ — IjSj^o — a (,\j> jxji |^jl J!l» jliSV' 

J t-_Sj uj ^-N 'ill jli tl gj^ A ^Lmi jl£ I A\ \t j . jjO Ai^)ia ^j-v ^ C-^^-uu V 

a jS Jja. j^__>^ cPW^-^ frLiajVI J^a. jj 
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4 aJaloJ) jV ijj — =J aj — « 4 xa £j aj j Ala Ljjj jl <il)Laj M 

jjji — aj (_j — S j jjj SJI ^jl a. j — ttt \ «]Ua jaj)ll Ajlgj «.l jj Ljj2 £<L) J jjojVI i_iSj1I 

Jj J l_j 9j (j a 1 a 4 SJjiaJ j V'"' ij' L "'»^-"""l lj) . jLuc-VI ^ Ala.Aj Clii jjl 

4 jb J j all a*l 4 SJjia ^ 4s j .AJ3 La > n"i jl Jla jiliu ^ JjaJ ^ -iJ^i 

j j Jyi t_i_<ulU ,1 1a, 11 ^-ULa aJI jla Ij^Aj . jajll ^ ^jkJl tilaja ^ ja" 

•U"°J>^ ' . £J^>" Ja.l_j Jjj_jla Ajj a! (_>uj1j Ja*.La aJ 

4 I 1 & £ J a-a 4 1 j j ^1 ' < ' «*N J_ la La cilLlA jl jl I jla 

. ' all (jJJ J jj-sa^jil A-al laJlm) j£-aJ LaJj ? (_£ Jj.il! (Jj^ ' i-i^-Xa 

4 xijLaJI J^JJ ' * ^ (— ij^jl ^tiaJ i^jj^S "i^Jj-^l (j}-^'' jA Lo ^j-uil (j^l 

j<aj II jj^? U 1 ' . '^"'"^ Ajhnill AjjJai . jxjll ^gJc- Aj JJJJ La J1«J jLSxJI ^^Ic. 

^ 3j .L^ajl JJ-suj j^3 CJ^ 6 ^ iJ Lff^H l-^Aj .JaUa-a ji jj-a LaA^lS jl£-all j 

j C- J cLuj tlllja-oJi '.liUj j* J&i jl Jal -kxJalL; jA jj£ll JJaj jji ^il jll 

jji lillj £-aj tjlsJ AjMj a! jljVaJI jVj .^-xaJJ LgjjJ f 1 Jaill jV ^j^axJI 1 g . ^n-J 
jjjl «SiVI jl «jll J_^>a-a j-a jjSI t—il^aJVI ^ya i _ya^c\ ^jloj-a ^lu Ajjj^a 
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■2 — C.l_a3 ^jl-Lall ^ Lualxj .lal ? ^iVmII Jaill 4.UJU ^jJI LaS IjlA j^Jftj 

^il — Sj JiiLJI Lljj Jj^lij : Kj.ni JllaSj .Euclid ojaJSI ^ » ^ j La£ ^L«^JI 

jjli 4jWl^ ^jKm jj^Jj j3*i»nll - ll^ SI /jj jl <ull LjLujI j£ j Cjlj^aiuill 

— 3 ijiajVl — £ aj£ ^cJajoi ^Jc JliLall Jjfui ^gic-J .L_filiaj 4 i a ^ 11 Jel j£ 

i ; ilaali Aic. jjjSluj dJiLoJI jjjil j i lua «(<La.jJ X V • j <Lajla* U jj tliiijj Jlilla 

U_aa.!>La j (jiuJI <iLLa jj^iVI iaaJ Ljjl £Su ■ a <J 4_aJ jaII L-ulaJ j JlaJiJI 

p 1 'i-v *<l £-^t . i_>^^)V I ^ la ■ ^ .'ill i a ajjja «Llui I _oii] 77 1 ua-V 1 A iL&a (j_jillj 

La-i — ic i ^5— J^J C-L^a alt <j 3 a -l__C.t jfl J laajJ jLajj 

t^j-^uij — Si Jj — ^ cli — Sid ja uij J .rkj tiil \l LS lc. J!La fl j . J*A1L) ia j i 

(jl j jlaaj u (jjl ill ( a — laa-4 ? vli^j — SI 1 — JjjJI £ — a^. J ^ala. Jj<j . a IjLa 

^ J fl-S rtjl Jjl J vjjl l±j <±±U1 ill 4 IjlVll! .4 >J-^ ^ A • j_gj LuJ LU1 C- j^-v a] ! 

.1 — jjj^ ^L-b — ill ^ — jnflu. SI 2 — jjila. jV J_ alii — S3 jjSI 

J £j iJJ — SI Cj — Hall ^yi j 3 j a <Lla jljj "aAC Jjij Ija, j ■ <=> LiA jJjIjIIj 

lj — 4s jjjil — jS ^ j Ljj . i i — j (j — aij Cli Slall IJlA LaiS JSI Jlajj tjjjAiill ^jj^ i 

4J — aill Ij — 4, ^..c til — SlcJ ^ — 5*iJI ■, ujjII ^J^la Jc- ^j-ul ^JalLj t<-iljaJVI 

■ ij,^J L JI j a L-1JJ3 "ij 1 ^ j'^J—^ 1 ^jl^j J frjA^all 4jt^l A^XiJ Lajjj 

ityJa — 11 Aj« d\ «.\ iaaV -2 — 3 ^>aA>S>ll ^u^la. jb ja£\ - ° ■ a jj La LjUa.lj 

— SI jlj — iajl — SI jA f 1 - uifl J AiJ Ji^Vl jjj-alll j£lj 

jj .71 Jalj JSJ^ — J a j—J-aj jl 4 — SLjJii jl alj j JjlS c-Ljaill s-liaJll 

I g LaS L 'aj — a_a Jl a_a J — iLa ^j__al Ajjjla. JLa-a i . illail f.\ i aill l%uS s-Uajl 

'aj — a^i 4 — ^.1 jjj jjl 4ijl_ua alljj 1 iUaJ .a jaall ^j-a jjixXiW CliLla ^^ic ^ j'^' 

ai_A u — 2j lL ya jVI j a i^LJj ^ j_i 1 <£ Ujljuj ^ Uj^ ^Lul j^jaj ^a 
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A — jda-a dll l^JljJ\ j o ?- j i£ J a*j 4 Jajix^JI oj__a-a]l jli <3LaJI 

'i__)Al la « 0 j J^JJJ j» j 9Jj aJ J*j]l a j ail j a ^jlfiil - jj U f . 1 W 'tl 

jl — £x ."Einstein ring" jii^ 3 ak ^ — uAj 5 ajj*^]l "^JlgJl" 

j — so ^ — 1c ^ ja> h jij A\ iA g.1 ,h, allj ijj^uiJli II tlL ui Ale ^llj je. 



^ ^ «-L^=aJl ^JJ- 4 J^^- 3 ^ 

^ lcj t ^.iL. ruj JI Ale c-LusaiJI r 1 ja> jl Li3 Jj-a-J jl jj^-aJ 11a j liAlLiA 4 1 jjj OjS ^ . >i j 

(J — ajjj 1 <^ UaLaj 4sjitaJI Jj^. ^ la La jaa (JaJjj^j j t^iaj-aJI ^JojoiII jjc 
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iJaaa jJ.i*J LllSLa J!LaJ iJA £_JaJlj . jjjiAuill Jja. (j^jx jlia ^ ^uajYI 

utLfl — II (j-a jl V] Aj^IjII a.jb«J ^ eljaall ^ Wi j.i^w.ll jla ^al^II ^ J 

5 — ajjll) «.Lja all a j j uil 1 j£ kilL _iA ^jj-ajig SI jj«a Vaj 4_jl Jjao 

t^l iA j .1 gJ £-1 a V ej a*. ^ II ^ *l jj j^lc ^ i-> ij (AjLLWajI 

kill iA J A jl t'aj iaJI £-1 I jj^jui La vl\il jljj jl£aS/l j-a j.<va-« 

1 a£ jl S-ajir A aUk. jl "oJj li-a ^ Sj ^ gjjj J 3 Lgjj j^a 'ijii. 

p — a ^aj; j — S ij jL^ — <ull (jjl jjyajl ^ — a > 1 > " ^1 — c ^ — a I'jSI jj 

1 j£j j» j_JI <uu ; I a J j frL^a all 4-mj.jjA <J LlldWl'g Fill 111 111 

A ijx^j \ HI A J ja viL^a j f I — dijJjl La£ — ^ILj^auaJI lift jl jlj tJ jjJ 

Nathan jjjj jL-jU a — j jl*-a j jjll^l jI^I N a >V^ ^Ix. ^ 1'jitl* j 

(3 Jj j — S JJ^> — II ajg-IaJ ^All JfLUIj .^^Jaj-aJI lift AjusJjx RoSdl 

pi — l> ai_A liaU .Einstein - Rosen bridge " jjjj - cJ^4 

^lki-a J la — ujll ^ jjt i all e j»Jj "^S-Jj-jJI Jj^ll" ^-o-u^J ^LstSI JSJill li* Jla 

^ AjLLkJI Aijjll jli o j^VI i-aoil jc Itiwjj .rhroat "^ jSlaJ I" ajjaujj ^^Ig 

Ij — jj k_l 9dll j a I ijJJal Lai£j i^ILiA Aioau jj^ AjjjLaJI jV HjjSj 4 a Lu 

■ Ljii^il lljlj LaJajm ^ii tall j^^jaJ Sj-o ^jSj 

(_g la-ail 1 a ? — H «• j — ^ ^ frJ J*^ ^ '^Le .Ut3 jla jfL ^ II* 

oAA j^a jIaLoiaII 

ill J ^ I a^Lall aJ J j aj Ua^j jl jlj '"^pk.^ LjjS" JiLaj 4jl jA ^la, 
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jxVI • ^^-^-J J J^-° ^-^J* 4 ^ ^ - l J : r L - < ^ aiaAj VI t ; '>J t^-lj-lll (3^1 

SJ Karl Schwarzschild 4^ j 1 J J^ 3 ^ ^ n ^ 

j ft j tLa ^a_j £jl=>. j^jlill cLiaall AjjjUJI Ji=k JAajl jjl"u«'nl 4_bls_*l Ja. 

<jj i.1 4 ajjj Jjli A > m'i (jJJ AjjjjjJI diljla. lil 'ill Ji.lAj JjixJJ ^ lw0 

^ la. j . jl .l» n.ni.i, ^JljjJI JjJill t L^ajj SjiaJI £-1-3 j]i »?■ ''II lJ^'^J ^ i^ajl 

. 4_JaUa-<ill 4ijjjll s^tli £jjjj2 J dlili 'a-ijila' Jl J^-jj ij^ f ? ''^ " ' " 

^ ft ;1 LS 'uua (j J jj SI (JiJ 11 IgjS jj^J (jjll S.u».j1I 4ijal! 

J-ij-ill jjjji^ II («■ 4 SiJ.lij j — aj]l Ij ft Jc ^jimn jJL«JI jLs J jail 

j cVI jl S j_J ^ ja> j .4 luJall LLoI JjS j* 4jU*JI jx> £ j£ 

4 j] 14 ilfLa ^ 3 ^ 2jJ li j a. j-a j^J 1 jjll (jJiSI jV Cjl-ljiLl 4_^i3 olliS 

(Jsj ujI J — 2 I «g Vij (jjJ^ II J i ^iSj ill (jjj jSil ijl Lajjj l>°J>^ J^*-y 

£ « 4 tiLaHa oJ ajj 4 iosj J io 1 jua j^L^a jj La^jlj . ^)i.VI jC LoA-jsJ 

^ 111 'i^j ilall J ILa ftj .1 Jjlgj V jj eLjaall c\liajl i " ' ia "oJS^iLalV 

A SLaJI ej_ A ^ 5 L S3 4 4 jjl^j ^Ul 5j\!iSJl Jl SjSlI jLi^j] U j^i 

. JLi. «.Uja3 Jai3 Lajjj ajL^la 'ij^ 'A-aJ ^j-aJJ 

AjjI j^j -la — aa 1 — aj) t^jjjl (3*111 ^ jaLi. ^"iVn Jjiall lift AjI^j Xic j 

ijl i_a — ujjxll (_]>aj .La^jJa*J jc jljj^ll J^Vn ^J^l cj* IaAxj 3U n oJij la 0 

ji (j- Sxj c^^ >J V (jl <a-J-ll <C jjaiJ JlliaJ ( x_Ja jll lillj jo 4-aa.ljll aIUJI sift 

4J^V jj^ j-a Jjj-^l ^ (jj -" ^- ,' ^ cjj^all ^jla. .AJ^Uul Jj3 ^JjJill Jjjill 

J jj ill (JJ— d ^ ^■^- a UJ^ J Vi-ailc jx JiaXo ^1 jli liSAj 

jl \ alUa 4 4j Ja^)3 Jj a^a jjill -2 _^?-J J*^-J I^Aj .AjjLj jc siliftlj 

j jSqII 1 a$ '£ aj V — (jJj^ll 3^11j <j^VI AaLI Lail 2ij_4ll ^lij — jjjjSJI 
c_j_Aill jaall 4ja.j^I cUiJI j-o ^L^ai jjl£ ^'i j .<aj^Ia jjjbll JjLu J 
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1/5 



jli Iji£a j < La ojS <j*aj Ls lil ^ jLiiL ^ ^aJI J jj jjj jlLu lijjjt-a ^jlS .iaj 
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" I . .11 

oj laj die I .4 jjLjjjsJI aJi jjj j (j o a J A jj^laJI ^jIxj 



Galileo jjK 



?— -J 31 ts-^l ^— 13 ' 



Jjj 3 j « i Jj^j l a j il l > cj-^' ^ ijf- 

loll a j ail ^ AjjjUJl t _ r i*J Ajli jii 



J i^aUxJI t^ljli Aij's . : >i all j ^liaJLs ^jLuJJ ^J^-S iji=>. jli JliLojl J;li-uJ 




i^Loil jl£-aj)3l 
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^j^aLiJI jl^ajl] ^jjLiJI (j^aLall j ^jjJbt-Ji lj ^ jAJI jl <£jjJI Cjjjj^j 

jl ^ i aljSl j a jj] jjSj ujj . 1 j'l-s La ?r n ^il Lajjj LaJajuix JlxJ ^iSI j£Sj 

5 Sjjil ^ Sc £j — atla iai La) AjiL^j j£-aj jLoixi ^3 jxjll jli jiJ 

4 -» ) <i"< . ,. 1 jj^VI LiA i al 3j mV I j 4 lia j a l _ s Jc- ^ liij i J jl t4jkjajaL.a]1 

j a A jl jyljji ill ,_p3jj2l -33 j .4/^ La 4 _ s -l& jjjJaflj jjj j-a-a ^j^asl J!La 

l$la*j jajij "S jS" 4j j£ jx J&t lloi^iA (4JjjUJ JW- 8 ) J^VI ^ jjisoil J^aiSn 
ja jl £ ^ j\\ f 1 'i-v M SjSij -ilaj jl - j^"' ' ■*' -A J > ^ilaJl s^A £-JaJljj . gJauba jl£^sj 

^ijj ^au) VWj r-J 1 <y M* 11 J 1 - ^ ! ^ y jj 

.4j*iLjll a^USI jx "2Lq12LuiI" 11a J VJ ( j-jH 

UcjLuj ^jjiJIj 4_La jjJxAS AjLUJI 4j.lS jj£j j' ; ■ J jt"*3^ Lff^ J^-l^aSI jl t^*-^ 
j^a jj ^JJjJlSI (JjJoSI jj-a ^jjJI £-a 1 i£ *i <n IIa jSlx-ij . jjJa d^J ^Los 

L5 II a. *\ Jaill jl jJaj-Jial ^3 (jJl ,J J ^ill j j-<u]l jSJ j .4j3 JJJ-aH 

AjjuaLa <j^iljJ ^ jjjjJaL^I j jjjjljjji]! Iaj ^jjJaLaJI jjjSJI Clll j'n"i>n ^ 

o jj | tliLkliajVI jt tUU J^JI si* jjJI l_j jaUI ^ jUI ^jajJI) aJ jjjuJI 

aj a i lij-uj 4_islxiail i l^ljfUl L^_: ■ ^ J ^Jj^ AijjiaJI (j^sii IgJajuil jl Jj-^ 

.3 JjjUJI o jS A^.1 9 jill siA jVI jSj-ail jC lll*J pliAiVt) j^J- 4 ^' JjiaJI 

A JjjLaJl A alij^ ^ SI £^.JJ a\cjj^ j^jjj .^Sj^": j jl jjuj (jji jl ^ i_LboJI jl ^1 

A alia 3 frljjjVI J^j^i ^ .' 1 ^ ; ^JJjiiSI) ■ ■ ^ «Hll (jjjJa jcj 
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J a.1 ) La3 1 1 ' " ua J IjSkjjLa (^fj (J}-^ fJ^^ tl)^ ^-rO"^ jS&li ^ 

(jl J a")f oil /j-o <Lj Q^jjI -f^)^. jj^>-aJI jl^aVI -i^l jl cLiiiVl 

i . ,. * ... 




J ja sj SjjI Lit j a Tjal a L*Lij JjiLj ? I jU » ^^£1 j SoV; Jl 
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^ — !c Jial aj j — ax ^ — 9 Jajiu) — 1! jV jl aj 1 <^ ^ i*J U^jVI eliajl j 

J jl ^ 3 j >j- I a xilj JJl alii] siljl ^ ^j^iA jjj jiitjjl . La^al alifl 

j & 4 1J-L=>J 3 j C jjxa.Ll]l jj jlall J^axllj .H/ull I^A J!la jl 

(j— lj Shoemaker- Levy 9 ^ ^^—aJ - jSj-j-^ ^j—J j_^>i ^i-J 

4 jj jj . > q . 1 £ J C jl£ <J" >_,) £ jS ^ — 3 jij jl Jj3 <9jila (JjI jli 

;j — IjjjJ a. J a-a — jjjI ill! jl 2 ,_yi A > ^ jl A SjSj J jjoil jx jfljL 

J iL" j 1 a ^ 11 A 1 j^jj ^1 l>> 9 jl i, ^1 j jxj a: <i <a-J.ll IjjS 

v_i Sj ^Ja ui ^ i& lilia j° i a J 1 la. ^ ai: jl >^l'i^flij - A 3 ^2 '^g^jaJ y 

AaeJl J jU J j J i j£j jj ^^jjaJL II A SjS j* J-ilaj J yj 

C^^-oo !l I 1 0) J j-o j £jj t4 Ki'"'i a u J jj dli j!la j jj] I jL»a : 

?T j i^a£ sjl iia.1 ' J)^^ lJ*J Sj t'a JJT » <a J!la <J jj£l 

.jaj jj£] 

J-Aali 4__£jaJI L5 __ Sjix J j__J c_L_aj jLuaJ ^ <J.Ia. JiSVI 

LoL>j t^^jJ II (j^uj — SI ^ Sc. A jjja-ailj A^ajju^sl) <JHi-aJI ^jLajJI ji ^2 

I — jj2 £ slj jl j — S-oj Ja — aa lj . jlj =JI ^ji jj£j .19 4 ■» .''.'i a SjL« jjjIj 

:dll_J JUi-j tL^Ja jc j—*, ^1 Lajlj ^Liill jilljl 

> ■ iu.i 2j i_S j ui i_J 'sl^\ ( _ s 9 4jJ^LaJI jj ja "'II <i jjJa jl ^jjjUl <jtJiVI 

ti_J — £J| J — i.b lg>^< (j; — HI iVl LjJiVAJi-a AiLLII ^a^aG ^ 

lj io 5 — Jjjla.j •L?- i J- i SI — (» J *^ J ^ 1 alLJall JajlaJI AjJli La <SSJoa 

.'aJ^jalaJr ^ ^jjja ) <iLsJlj ^Jjjjl Jjj^i]! jlj^il i ; Uj d"i La^J JajUaJl 
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Sir Roger Penrose jjjn j^jj ja^ 

jjj>i^ J j uil ' ill] ^ jSj-ail ^jiail 'i ^2 A-qjS 't-^j- ^ J* ^ J 

.ojjj^a ^?>J- <S iaaJI ^jL ^_?b~* II l _ s -ic- J^Jtluj eJjiioJI JjV IjJjS 

1 Sjj^/i J iLa 1 * ^ - AjJJ^ jj^J Cjlj oj^J - S a\ 1 
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LuUb 3 Lul£ jli 3 iaa.13 IgJI jLlaJI JSLlajl ejiAi L\UL>J jaj Ijlj Jilj 

A : /-illl Li] ^£a-lS l _jjjajj "o^jiiLalV' 4 milj JlAUls Lojj LuLuiaS Lul£ jl aj^S 

u ^Jc i) . jjJjL j;iaSI ^-Jj^ V^J^ fc ■''>"' ^ jl^S^i j>a <_^A 4^L\A> IjlLaj 

A. al !iS a JpLa. IjjAjaw jjSjj-i JSjjjjI - _ a-i^jilla jli I^ujIj ^glc- jl Ail ..^^ 

j 3—-^ jl il J a- £t Ij-oj liilij |Jf A j .^Ljj V ^LjaS etiajl L»iajl j i3_uLjj V 

<j^al ^A :LaAc.ljj La Ljij*. *illjA 'Lo^-llS jl j"»J>i] / jl jlfLaii J jix jl 

j-a jSl j J SLaj . jjSll J*JS jl LjjIjJjtjJ lS J^' j' 'SA^j^' cLuiu^Jj UjJ3 j i ."'j 
J bLa j^j tSJiifL]! 4_ii LaJ 

j a i ^jL^ £-3-^! jl — j-a' JA- 4 ^ic — ^-1 Salmi a^LaH j« l^jilj Ijl-ia-a jl 

jj-^J aLaj J*"';'' i jl L^aS ^1 > r->^< jx 4 SJaj * jl a^)£3 ? » *]\ 

j « J__ai lis ,i JL«j j] Ljjl .AjI^jS Sin J jl£aVl j* 'j^j jj-^j 

1 — Sjjis Sir Roger Penrose jjj— u j^jj j^-J' ^ ^lJI ij^lj 

'ajj^ ia l_j ]tS$\ ^^ic JjSj ^-i^a jakjll lift Sjtylji LaiUa ^liljjalaJI 

<jJaja-a jj^j jl 1 g jS jlLajlJ SiL^ S ] j t jLa^ll lift Jla Jl: Wj! ^uaJjaJI jj^ 

.aUJl 1$ tlaAl I^A ^ jj laoll 
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Carl Sagan JJS 
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4 — Jji-a cbjjj ll i— 1 j£ll J A — akl^ll s_j C-llLall A j3 j_, <^ 1 o IjA j 

!.2j* i^a til — Ju£jaj ljc.1 L^a 1 ^La J ajj ^ 9 Jjlj jl Cjw Salmi 

-ka so 1 a J £1 j Saj t jil jj£ Jl j AjalaJ) ajjiiall 

A Jjlc jl <3jxi — d^j iiail ^.1""> lua JUlLj i A* a ^jij jl ^La-ui jpa 

.4jj 4_AijJI o j£Aj j J=*VI jj^H 

^j-Jil! jjJ Jj__ ^ J jJi_u: 4 j . >n 3 ^j-o—1 Jllj j! JUL jl jVl j 

5 Aijjl <j ubja ^ Sc. jAj j a a j aJ y< a .IgJj ^_jUiSl xj^j J «.! jj^Jl 

j a 1 £- jj "eJj alail jj J S3 Liaj! j .AlLlik. j jSj Lajj Jc Ajj j£ll 

j— C- ajAl Lall ^ ii. j Aoau ill A jjiaill jl gjj 1 <*JJJ Jj . ^^jJaL jll JUaJI 

tAii'Lu II uiVI J SI j tjj— J ^ "Sj^j '"S^jaiaJI" J^iTt jl Jj3 jlS-ajll 

j J 4 jl jJ jj j aJ jj , £3 Ajl j£ 4£jaJ Aj]ji_all cb j>JI L_l jiill ^1 ^"■■■1 

J j=>j 11 J AS jj J_ u ^ Sc. jj ! 'mll j & t_a^JI jlS li]j .Aj3 >ilj£.,:./i 

4 — JJ^LaJI aoj «* ajULa 4 — i^aj t j aJ ^J^J j-* 4 -j-* ^ JJ^' J 

•^J^ J 5 ^ Jc- 

J Vjy^a^A JIaj t^^^alxll JLaJI J^C j-a j-ajll J JLaJjVI f>Jt5^° ^ 

I jj, Jaljl doiao AJLuiaSI r J3 ^aa ^i->t1I a^. j Jc- j -v^J^ c5^i 3 > 

5 J jj Clj gJa LalU. jLa. ^g-alc J-afc ^ 1 »J JUiJI J-a Jl^jJjl ^ jjll 

jl jjc. lIj^ AiiS jli Karl Sagan jL^Lu J jl£ (^iall <ij*-aj ^^akll JlrLU 

4 1 jlaj jA Jjjl jA J Jlaii^ Jj Lus J jao ^ ill Contact " JL^ajl" 

^—a Jl—^i jVIj -Lo^alL 4j** ^ ^ j^ 1 j • Judie Foster ji^ji j^ 

UaJ j!i£l jLjaS ^.„<U.> ^ <jl lalat-j La-a ^ll^jj Ajjjjlj <1Lujj Jj^. ^jjj jj^j^l 

^jJajVI jJJ «.Ljaflil J ^Jj-i Jjxi cUljV Ajj^Lal ^aJAt^aJ Jc J olui'j AJLujJI sA4s j 
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i_S la j JliSj Aiui Yl jljiaj jJ^ajV' j£ -JJtJJ Vega Lvji ( ->V',]l j 

jjjlL J "Uoa" J] f.UkII Jj-a j " JL^ji" Jj .^j j* jU-ail 

AjljJ jun'i .Jjjail 4_j.jj.lll JjjLi.1 .4_-.l& 4 Sj v <aij <_3J^I I^Aj L* Lj-Swjul 

u a jjiliaAj (jjj ,Jj-£jj liaj jL*.LJ j_j.-j._-l Jji-iil <J!L«j LaIu . ji.1 jj£ Jl ^j_j_j 

(jjii. Si f.\ h A „ jjjlS. jj C Lj_)l£ jl UuLa Xij-aSj ^--Su J jLvL-i j£S • jj-^' 1 w- 1 ^- 1 

AjjLja a Ajj i ojS Aaxjsj La Jl j-u-ijj _£_.j_i. dl. ^ u.<a ^g-j'. </n..-,ll j^LiJI cs^J -vJ-J-^' 

lljj ,_<__ jJLwa__J Cilia,! kiili 1 A -Sa^Ls. j_a «Uju]! J S->J^J La i.".\K-_j 

•aj j* J--^ £_>---. j-a J jjjil 'ij^ JjJji Jj^ Jjaj j^i ^j 

^jL jU.Luj jl£ ? <jal£ ^j^j li-ii* J V jlS Ja jf-J j Uulj j-aVl Ijj ^ 

J---a i-wci JgjJ-iS j_J-.j-._I J^Jl ^1 Saujjil j£-«J jl£ La lit 4ij*-a l_£_w J-U 4_C.._LSkJ 

I-. * J jAj t4 j^Ir. Ajal^Lt^x jl ^-aic jj^Lxl -__i]-l_ Ja J J^j^l j# J*-^ J 

^—i J_-a*j <_$i.l Kip Thorne jjjii ^sj^ JLj^l 

■ LujjLllSo A_uilll AgJt-a 
A JLiaJl (jL>l ui 4 Jjj J JJAJ 4_ijl£ J a! Jc. <tDLajj j J JJ (J^'j 

i — uOj$J (j — a 1 — c-jj — ifj ^ — a t*! — S3 ^ — a agjLmj dijl£j j Aajja. Jj 
• ^ Wij .wjjjjj ^auS! j^a ^_ijjiSl jl£-oJI jL Liu <j imj II 4jjJajJI 

.V jl 3 jL> v ^ 4 j'jS jjjj Ijj ^ jjJLcJI IjA JaJ j-aj 

J — StJJ I a — J .LilaLa jSj 1 u A_uLjaiII A.*.* 11 jj^a p jj /_gl 

I — jj la — >j jj_ jl A 1 j£J j tAjjj^SI CjU jiSI ja 

jl jjJ 4 — JJJ JJ^ ujj3 j — jj — j*] ^ a£j siJ Ui. jjia JiaJ i'""n?t,l JjSa-a jl 

A axLall 4 — SjLsJl 4 — djLSJ J^ 3 ^ 1 — ^ U^J *^ j' 4 ^L>-S1 JjJ (jj^ 

jj — Sj j — 1 1 — jl Al£ — SLi — II ^5-ijJ — SI (jjiSI jl r-ubl jil jx .^LuLp V AiLkj 
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1 — J-ij-i la ut ^g-i h jl A — ajLaJI j* ^jj ^1 jc jjjJ J<-Ij^J liij 

f.1 — 1 a jlU SjI <JI ,j « ^ j j jl ubl j b a Jjlii c*Ilj 

^ SJ V Ij ...(Jill jjjj^jijjl yJa II . . . jJA. j J^JI ... ^JjjLJI ...^AiLa 

^ \\ i^^jJ II ^ fJ O^J*-^. " Jlj^^l cs^ 3 \\i 

(_£ J =J *jl « j a J J V — S j' JJ^-J ^ ^Luj SI (Jj3 ^Sjx jU^jl 

Xali ^Jj-ill (jAll jl£ Ijlj .4_ilklJI 'ajUl aJlA J-laJ jl ^ill j* ^jiul 

c-jjl^d II (JjJljJ (jl ' . 1->J ^JLaJI si* ^jij t^^i-cj (_)i..la Al jj^J jl -lJ ^-9 J_^*-^ 

A Lkl^ e. yJa II ^ Aj3 -LuiUJ jl <S Ajl ^ 4 I).. ill jSJ j 4j^li. 

j_jiJI J f j i Hal] (_JJj^]l (jjioll La Ijlj t'sJj^>i!La]l aLaj jS^ollI Jl 4_j jj^ajj 

^ ia jj ■ lua j illLa ^i^lj La jl£«a J «.jjJa]l jL^ Jj-i*J jl Jj ^/Is AjjLjj jx> 

.'aJ^ilaH" jc liaj ^ J^P-SI aLaj) J 

JLaAJ uil ^ A liiJ j (JjjaaJjJ l^ol Wiuil j£-oJ Jail jl j j jjl j^fij 

"aJj aiaJI" Jl i ftj«J ^ rtjlrs'l <jjjLaJI Jj-o ^Lcl 1 o i n j ^j^l ^Jj^JI (jjill 

? ^^j-kaSI I^A jLa -I^JJ ij* ij^J -W^" 6 - i *-^J 

4 aJ^ill J^al ujVIj nill i—JjVI jl jjljSj jill j-ajJa sjjSj 4jl 

jLjl (^a Jjj frL^afljl ^ rt-uuj frUi^l J»>j i^^jIj frLajqJl Jl ^jJli 

CjLcj Jayal\ jxi AjjjLaJI ^ ' 'I ^ '~ » jl LaS i ■"La jj-aj'l jl <* i ja J i II aJulac-j ^JUtSI 

jLJ S J^oil «l jL^JI jl jftlj . ( * )m UFO" S j^LUI jUaVI Jl^a ^ 4l^ a J I 
jjlq" > .i Jl jjj £io]l Jj ac aj Sill a^A tli^tjail La£ <jjI i afljl CjlijlSil f I ■ a3 



jc a jjUail cUiVl (^1 unknown flying objects : s jL*J J J$\ ^sja.Vb (*) 
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jjj — Sj-a jjj^ljuaJI j« lSJ^ i-jL^j^alj jii£)lac.^UI -j-lC. £a 

j — Lj J ifr alaJI l_J^"N jLaj j-ajJa AjjJjJI I " ll iLjaa iTiK J3j £tjjl j- «a ^1 

Cavonte "^^iiil" oLaJ i-uiUJl usaj li jj ^ ill Wells 
•The First Men in the Moon V-^ 1 J* JUj J J" sUjie. ^ ill 

AajjLaJI jjx A-aALoixJ (Jl a alt <a mLa ^ iimill jc. "Lalj«-ll Aajjiaj i " 1 la \ ^ W 

j ( a I CLl3 jll lilli ^ lis.! jj jj tjjj^U Ikj j-aj ^JL] lillj J*i ^Sj .ojiUlaJI 

iil — Sj ^ <jLi) tdljjjVI j 1 jj^ jl£ ^aa . j^-ajj jjSJI jL 

Si-Ja. jll Sj_aJI 1 ail) Static uu" JIoJ jl jj^U J (<lH J^j 

<—n -> Vi jj^l ^ clj^Vl J£ J*-?^ (jjil J t^J^UJI ^ (JJ^ <jr^ ofl 

>. i . a j 1 A-uJbLaJ1 Jl a~a jc 4 — jUjuaI lia. ^-iLjal jis IjlA CS^J 4 ' *=" .' 

a j — a ^jJI L_lAaJ jL J jfl]l j^aJ JaiS ^£ ."a il i ^Jl AjjjLaJI" j La 

jl_ LaVU J— »j ^1 <jA SjLjaJI -LyjljJ U ^ai jA\ ijott S j3 ^ AjjjUJI 

. Cluljj j ailui a jj£ ^gje. Jjj^aaJI 

4_iolaJl) o jSJI jsjo ;tLlj (j^J j J-LaJj jj^JI ji c_ Liu£l jl Jj^ajj 

A — jl jlja^l 4j^kj-o j-aj i^^a j^Ic. obit Llau ^>jSi l^jl I ji'm fa ^ , U >H 

( a — S LaJj "ejl t'fifjW AjjjLaJI" jl j] j .Pjjjul J£ JlJlJ (jj^J jl jS-a-a]l j-a jl£ 

Jl Jp V LaJj lgjj3 jli . jVI tluliill jjill CjlaiLla j-a Jixj 
L^Il^ ^ LgjjS jc jiijJI L_i .<illi£ Lpl ^Sl jll j t^jail I 
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A j£] t A iajl jll jVj ^jl J ^--~ * ^5— A A t£j| jli 4j.it SjL ^! 

lijj .4_jjU c^LJLL 1 8 K ^LL]I £l J jli (E=mc2) ^ aSUJI j 
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j jL AjjL SI 4 j]| j__a j i£ 2 Uj JjS/ ^ ill i u SI A SUall j^L 

j — S-aJ SI 1 a . j_U-a — so ,aJ jl l _ s -lc. illL laSi c-Ijjoj JjSIjJIjj .4 -s > >il j]l 

? j* JSl ^^jic iliL pa Ja ? «ulc J » Vi jl 

4 SILII j' 3 A jjU. j ijau 5jLL]| jSla . ji^a 4iUJI j^£j 4jU.7I 

2 j jlajll ^ — S j . <jpl — LV I ^ — St 2 jj jLaJl J aa. till iA V _>J <Ul 4jL£j jL-a 

jl Loll ^ 9 f.\ — isjl jl j-cj SI ^ a f.h=J\ a-w ^nJa l$J LLlL j ^..mIS <-«USl 

J a! A alia A Sla T^Ji i: jl 1 i» Laj uil Ijlj lUeLaj jlaJauj^ Sauj all ; jlj jSLj i uj 

.ai >>iflll ^jjl^JI LiLijl jjSj Ijjj 4<j1Lj <ilia jjl t ji^aH j-s 

4 SjSII jjj a S 4 ul i a Ailiaj jla.<a j 4_olc ojLa jx I C y ■ a a 15 j lii a Jj - *-"' 

i Lu6ll ? JiuiV IgJa jix* jx VAJ ^icV jJaJ jl Ifr&aJ Jis .AjjL* ^JUaU Lglal£j 
4 — jV j__£Jj (^j-Sc-V ^-^r'-j *J*J U -0 ^ ^-ijjui ll^all jl ^ i ^i\l j«j .V 

4 a'LSaJI j') i liSA j . JaJV ia jLJl J!ia ^j-l^xJI £>L=kjVI jaJ vilj^JJ WjS 

^ \ll j-*. j jjjuaJill ^9 I ^ ^ 1 ^ao ■ ij l j ^ a } 7j 4 j il iV I 4 al Lil l JlLa 1 g Sj ^ 4 i^I , ^1 1 

jl 3 .JjUa JU-o JjSfcllj jA AjjUI AiUaSI <l£,n <jjll AjjjlaJI JU-o j£l 

j — !j .<jc- lAi*J ^ jl .nTui) L^jU (jjjjj-all jx (_ijallj £jJajJ Aj-llc ajLa j-a oj^ 
. »l i ri^SI ^1 1 »-l«aa Ijj > — fl-^j *_s jj^ia 4 j jL j AiUa j« <c. j'' - <a>a jj^jVI i " ul S 
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1 \\\ ~* /j<\ j r a ij , „ 4 i\ \-i 4 \1 ^. f . 1 l"'' i l 4_i3jS ^^\,'"J < Cjj , ,i i \\ \*\\\ j , ^.al l i^^J 

1 g la mi l_u£-ol Ajlj ajLJI j* AjjjC. ^Ijjl A-oj lljAll JjllLa ^ jl .jJajliaj Lie. J 

t '« a Jl Lgili liSliA AjjjUJI Ajal£ S dji » lili .^Jj-ill ? jSla. 

^L^jJi .aJ^a, jjjjsJIj frLJa3 jIjj ^jjj » j'^H ^ LuJ Ij ^jaiaJI jU$-j! 

v_fi j ui A_iLaJl aiA J j£ij ' jjj*J U-J -0 ^ AliLaJ j£-aj ^Jjjjl J^ill 

1 — ^ jjjjjtalail jjjjl^jll jx ^JJJiJ ^g^- c^J^'- 2 (**JJ^) £ J^' ^ \- 

4 jl lLaiil (j jSj i u Aii^iaJI a-^-Jj .^Jj^ll [j^oll J^Li. 1 j^ ■ f-Tn ^aJ j-aj 

— 4_jjj^aJI JjljjjJI j>x iS j^Ji ^4 c-L^asi' J 1.1a, jjj^lila B 4 A 

JjjLj — II JL-o — jl" ( >L3 J Cilia. LsS CaLaJ JJ i ^->'q jjji 1 afrl^aj j^^ajj 

c.1 tail J lo 1 gJJJjl ^ UI A — SJjlailj A_m> aj Jj — a. £ jiil ^gia j-^JJ 

A-a g-o ^ .A ui aj ^1 kL j a J _>^-) js} 3 * cl^ 4 ' * J^ 1 ' 1 11 

jl_a a Laaii j .l_ic A-^Uil aj -i<a!La a jLja aJ ^ja. ^Lii Uuc- jla-l t SJA jl 

ij a jj .Ala. j II j all! ^ Sc Aji^3 «.Lhij Loxj 4 JJJ*J i jiajiJI lift JiLo 

1 iA »l bo VI JIWi J ^_£ij jl_£JI *UaJ Jl A^iLaJI J ^jiaJ I 

£j ail Jj_ 3 A jlaC jl il iA JjiLaJ ^ Sc ^liSI jlLall c-liail jpi Ic. jj ^jjJ 

.Ajli ^jilS A un'<L ( j-al ^aJI Jc jj^j V (aSjjJI) 

Aj — ujjjA VIS Jjiu liA jj Jj ^^SJj 

la aSI jl Aijj SI Jj ajj LaJ ic AU uujj t' jjljjj 

^ j ail (3^= Sj (jl Cj ! jLa j ! 1 I ft j jl 3 . CjI «-J^>ail ,_jA CliUiJ j-aSI j 

1 iAj tA Sjjil <sj j^ £rtiaj — mi A 3UJI ai A J tejS Jc (Aijjil) 

j A ^ la ua Lja jl ^^^jj SjlSI ol ?jVI) Ij ^A j wljlx_i^Qil aj>Ti"ij Ujjil 

^_oLjai Slj ^paj^il—J A SaJjik. ic j^.>i lail £ SaLail 3 j£a Ja33 
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<j 4. A Jjj^JI £ jlajui SI 1 ajl j Uka pliajl ^ Lulj V jA (4jjl jkmS/l) AjjViIu J 

.AjjI mAalt 4_i£>ljJI ^AjlxJ jc. Jljj jl jS-aJ 4 g J 1.1ft ,tillj J*iG Jill 

jA j ^ <il iajl 4 aJ JjjjIs liA 4_L9jjj (JjJuil 15-^ 

fCjll Jc tB, A jnWsill jjJ ^jUJI frLiaiil jl ^-ilxll cL^aill J Jajia* J 

V 1 r^jJ^J ^ i"'" J *^ C5^ c ' jjj-bjil "LoiJuA j u fllail _»^jll j<a 

.o.lkLj jj.3c.liLa jjjl£^a jjJ -laJJJ l£-J J 4-aj J Sjjlj jl djli .£tlj . . . JJ*JJ 



L5 - 



jjLJ ki C- ej^ ajj jjj J ^jil I - la }W I Liu£j 



Si a j a I a j. jl I dLL t nOU jJllI (Jjill AjLH JaaJj 

jjj jl j ai\ L_i^.jlui j V Sjl all eJl 4>j . ji'nVn J j^-°J ^-l^" 2 ^J^ - 

4 JjLljjill A alaj^l (_>a «J ^ 3 J a.JJ 1 §jl J — 3jxa]I (j a jl tUaLaJ 4_jjjC 

ft. j II y 1*3 ^ ja-a 4 1 lil £i£l lift jl £ Jal .<Llja vl)lu£j jlj 4i JJ«-»1I 

J£Ji j j a. ja j\ ilO/U 5 Llill 2 jj jjl (jjjLUI jl Jc. j* jjj V <il j* 

. IaJ J>j AjjI^cI 0 ja*J V 4jls t JJLa-a j ^jJalj 

t4 ic iIjjJ aJI 4.1 >_<alja j^H lilljAj t4jli£ I jjj a IjA j^J 

tC-Lja all 3 4 jjiiill J J^J Ajjl£-aj jajJaA i^jla jVI <-J Lj ■ jl Jjiwaj 

<_ll" aILu^ J jl A "l^ aJ LaS 'i_5 J J J ^-^-i^ ^j^- 15 ) Jt^ ^Jtt >~ijAjaa 

J — a*J jl j — S^J ^JjJ II (jjjiB <JJ^ u!^ J J^VI i-_liill x-a •" j-ajll 

J — J jail Jaij jl jLaJ (JJj^ll (Jjill jli villi £aj .JjaluLall Jl J j^a jll 4 L 1 a j£ 

A 4 LajJI j-o ojjJC Jja^aJ jj I( _JaLall Jj l_iIa111 Liajl 4 al laJL al jS-aJ ' * ' 

AajjuJI bJ ^xlLiJ .CjSj J ^^^aLall lila. oU^^I jS-a-all ja3 B A Ljjll J] 

4jL^jll J j .LgJ iiljjjlix Jj3 Laj3 A J) i J \l<i oj ^jLxll g.1 iJaflll J IjJJC 

J] ^LaJjiU (jjJu-iiillj SjJ^a. jl IjjAUs 4j jJia 4j3jjia Jc jjjjlj jiill JJC 

. >jll J fLVl Jjj ^iliil 

? j-a j 4Jl£ ^-JJ-J 1 S > m ^ J ■ <3J v_ 4j£ j^lj 
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Kip Thome Ojjj 



^ 3 ^J^jj ij^ ^JxSlImi Laj3 . jl^a_)]l jx AJ-ilc <aJala ^Jj^ Jjj^ J- 4 *-^ 

i a 4iij^ll sJA jjl _olj '(_3_,)_J^ ja Li_jS La laJL ha Ajtjj^a 

1 a^ L <~ > — 1 1 $ « Laj jaji: q\ j* ^-s )->. i) Jj^ajij .lie- kill uj^i Mi . 1 g . >jj 

^^yiS t^SJlj > -La . a jl j^J jl v_al />a 4_i j»_o3J La ^g-l "*^)-a ^ 1 .' 

a j — £ J] CjUJ j] Lj maj ^ ^KAJI j .ls_Li L>li jl ^ ^ La 
■doughnut «*ls*S31 Jl£^'l ^> J£i J] Lplj^j t J j*Vl J^J\ & 

i ax <JJ3« ■ .-iN alAj .Ajo^j ^i^JlujJ ^al jAj t'ojSJI ' . 13JJ (jl ja ^)La >ijLiA ^uul 

^jj^ — ^\ laill 4_la._al_aJ jlaj 4qW"M Lajlj t 4JU.>uJIj Alua all AjuiJlljJI jjc. LaLoJ 

jJLi c c _ r ^l £3 j-a 4.J ^Ul 

eLii — all ^ — 4s A — SjjJI jl ik-lj icLja all ^ 3 lS j J-^' ^J-*- c^J 

j — A I 15 i _ 5 — 3 Ltfu ^jjj] ^Jjill (Jixll jS jja: rj ^-all J^ai t 4_uiaj 

. cl i .aflll j-a ^jima Lucalj 
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"^Jaiu" (jl A-is*^ L<u3 j£a -^--^J ^J*-* ci^^ kj-^- - J' ^ J ^-^' i_j-^°J>^ l?- 2 "*^ ^ V 
f 1 1 gajjl i fl\ J2k jli yJljJI J^-saiil ^ bij LgSj yliJ! r' 1 oaii jiaiJ L^ajx-a 
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jlj .A3 j i'iiSi a s^^jila jj^J ^—S^juj ALa j^ixJ! jSxJ ^>oC . , lUaJU ^_iill 

JjjJi ftLu3 'JL* ^1 I'jjii IjLaJ CjiaJ J3 ^ jjll life j* 4iU. 

jaJ ;AjLU1 > ij'ir . jJ jA cA-ijLLaj oJ jila (XiutfiJ ^Jj^ 

.ajIc a^kuJI JAa JSuij 

J_S J — j LiL ^jJI tHeisenberg " ji Mil" ^ ^k. AiiLall ^sii 

jli t(_5ji]l jUm^all t _ s icj -LjjI jajC ^-l^jill JJIjjj jl TJ-OJJ AjjLjjjill 

.A Jlc A ?.J^J <* ±nia V jj^j i_>^ jj^jjc. Aillali Acjj-j Jla Ajj^aLa. 

J a ji_*-a J =». Aic-j j/°J^ ^.iC jl j Lol£ ^jjA-jLoll jjj-a LolSi A-alc o^tlflSj 

LgJ AojjL> ^cjjj Jlu^J jj^j ^-i J-*-" ^ V jli jt . all 

£ jjj jjl 4 lj aa! 1 Lja j .lia j$i<s ^ Al».b AaUall jLucL) lift ji jl LuSxJj 

a j ■ s\ jik-a 4 jjl^oluiV 4 tw^JLi A jjjaj ASUall j j£j m jJAJ ^UL) ^ualaJI 

4 SJ^a vilLi&j . aJjIS Aaj^laJ jjiTu i u 1 g^ajS jl l5"^ '*J>^ 

A '£ aj jjjjSJI (jl !illa ."^aljlaVI" CjLalk^a-a J jia. ^-i I^A JjSiilH S.i=Jj 

lj la .ajj^aS, ejjS J^LaV o^P^ ^"^J^ Lollia AjloiLII jx AsUall jJajiLl jl 

.a-ij "ajj3 tlljbjl LalS i_>ajall JjS Lal£ Ajl jjL Mil 

j — a f. jik jLa aj.^-s a AjjI jaLjjI jl ''Vi! 4 ^j-o3j JSLj ^ji liilj J^J 
til — jMj j-aj" ^L t_fi^)3tj ( _ s j1Ij Ajjlall j^ jjjjjj jjjjjj jjjjjj jjj^La 'ojj^iC- 

jl jSI — !so j — uj Lpl£ A^Ja jjia AiLkj ^ajau ( (PlailCk ^IjMj Ajjaj) 

jl VI t aJL.ikJI ja> jA i LiS JajjJalL L=k_Jalj ^jjjIj LjJ1=>. Ijjjij A K j^ JJJOj 

^.jjl jaaII jx A£,ui) aaLIo! a«jj^ jxuj J John Wheeler jLja jj^ 

C-^jJi 31 11a f -»-s*v j jl£-ajjl ^Jjlc-j" ? ^"'J ■'" jC jlc I i _ £ Iill jlljVlj ^— UjLV I j-a 

j A SI j (^ili^L J _olaJ i—i^JtJ ^ill^ jlajliuJI j-a jjjjjj jjjiijj jjjLj j-ii; 

.ajili al jj jC 
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^IjJ \\ ^jic Uuu tjOA ^jiijJ 4jc ill, It'll ^jJl i _ s -A^l ^.ijjJI i3^JI 'j^'j 

Jjj ^1 c.Liaail «.Lia.y AjiklJI AiiUallj .llajjio liaj iaS3 J^u c-LiaiJI ^ 

.<1LUl 4x.jjoi ^ t_iAlij ^Lj 4j) • LS iy V ^s^j^l (jj^li life (^^-J 
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Sjl CnJ u "j^-a — 111" j Lall" ^"iKJj a ,jc bLa ijSlj 

.4 C.jl^)-a ^J* ^ <j * f ^ J (_5 — 2 tljbj__aiall jjj ? La^ jl j 

tJ _A 1 k^a ^Laiil 5Jjl^j . fr(jJ S J£ jc 

f.Lj «J — A J la jb — a J jjjJjSjlVI Jj.lSkJ <3jbwa JiLa 4_ujj'u 

» ft * 

Jl jjll £JJ— J^»J J* ij*^' c5 J J-^ (3^^2 Ig-La JJJ^ll JJJj 

;jt J ala ail i jx <jl ^JJS^ ^JJJJ J V] ^1 (j& ^^jjjjjlA b^<a v 1 *-^ 

S,L^a all jl C-j" Jl Jj-aJ jjaj LaJj AjIc ^j^j l-a-a Ua-lAJ jiiSI a jl i 

(jSxiil ^s^*-} ^ J '^-biul j ^b cr^) 0 -^- u ^J ^^aV 

^ • J jjij «La.j.ljj <UlLiJI LjjhjlS-al JjSj ^jxLLoJ <*_u]all Jt a jlUjmll ^j-a 

Lo-a S^a 

j JC- 4_aj Ja <jl jl J 'a-lljj Lai Jj^tiall JjJ^ 3 jH J (J^j J-«l V 

^ jl-C-J (j<a ^jj-iai jJ (3*1 Jc. J ji.^'nH a-laJ j A IS mi a lilLiA .t£llj Jxal S_^iLl« 

J Ja — S3 til iXi ij-oj JjIaJ Laj ^j^j ll&aj V ^ jliijfl oids jl ^gA j 4 jlLejll 

J—kb ^ 1] 4j31£ 4iUa jtoj jt Ji.Ai jl ^ ^jAj jJ ^ ^LiuV j t^u£fo 

4 Lau tilljjj jjl J^S (3^1 ^jLuaJ (AaLkl! Jjj) Jj^II j<a L^Jjalil jLLajll jlfi j 

J-a dlSjS J liUj Jaij LiiSi j tVLrk J llaA j kiUj jAjj ^3 j ^gjjto (3»i 
AjjjjaHI dilj jjjill jj» <j! 1 1 & A uaj (jS-aj JLa»-o JSa . jj^ljll JLluj] aj^a.1 

4 ajlalall lljic. bli >t jjjj£jiyi ^La jj-N mi<i aJj aa J 4x.j^a (jlU'n ^Jj1\ 

j^-ju 5-alia tiilL» Jib jjJiSJVI ^-jLou Jla Ja tAaLLlL 
.CjL^ j^a jS-i J iilUI (jc. I^atj (jaijjj 4 Cjljjjja J j^uj 
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^1 jJI ^ J G(_g " ^ eL^aall AxjjJa ^ a 1 '^j"' 

J—Sj A—pLJ j — . oUxl l J_£ i> jju ^pa. ajV tPerfect vacuum 

J £ jj a ^^W"^ Jliiit j 4_jjJjii]l djLsjJjiil ij^axj ^j^fj k— Sjjoj CjU jj jiil 

eLiaslI Ajjjjiull CjUjj jil! (JlaJLLji La£ iLjjy Jj^J ^ Cll aJ i oa 11 

jJJJ ^9 l_S^J '^Ljll l ■ 'J^" L -•"■"^ j,nV'ill Jys JjLa (_ s - 4 ^ JaLiL aiLajj t*U£ 

A I 1 &k <jlaj ^gjli Jajfl ^St j]l ^ jA j £-lji£ AjI^JI 

3 j y ■* oiAj ,Aj Jf^l L5^] *^ ^5^" ^-*jLija.lj Lkjj^Ja "-Hj^-yj 

^l!La .a-l-lxia j^>iaj jl (JjLujjj 1 g i aSj l jC (jl*J AjjjJ&ill LllljjJjaJl ^jV *LjJ^ 

1 o-a 'l g 'i^lj) Sjjit-k-a *JjljJjJu AjAa^a Ajjill lgjljl.la ^3 djlj j jlSuTi I . ajj 

^y-ajj'i Si jjjI 2j ( _ s -a^ji J La \ , >i 1 ls^J '^LlaJI CjLjjIui* (<1_uAj3 |_jSi-oj 

.Ua.V -uiabL ^jll j Casimir Effect 
,i_ jjJjI aoo.ao aIjSLJI si* .^jjjjjjj a£U jl ^ jl! Brookhaven 

A. a ^.jl . ajj Lj <UjIa dlliUaJ ^ jjjl j jjil j IwJAaSI Cjljj J!La Ljljill AjjjI 

-j- a, J aJ-j .llaL uLa J'ua-a 4 l-ii.J A_^^ja_a A^jj^l alj%j - jll I g i oa ] 

1 g jjlj jp (3fui 4^ij^£ i " il . Iny A ltn\\ jj Lgjij^Liij ^jj i " ua JSjJil! ^ J^ 1 ^ 

• Ac-jjj II C Jl > j«i Clil&la^l a ■ bj a Ajoj^I UaJ>a. jl 

lutJ _jL-aja.Lj Ljjl j^ia. ' <Ljlc- ^3 L "';^ j a A a ■ a a " CjLa jL^Lall" a!iAj 

jl ajiiVI 4-1 — SC. a^a.lj AajljjjSjia J!Aa. jj^ll ^ Oj^Ja (Jill L_Sj^>iall pLuij] 

1 jjli ^jl i r-i~)\\ '^J^ (J '° 1r .'N 1 g > ^rt \ a\jjj^\ i_j^jJaJ LaAiCj 

^1 (.^luu La quark- gluon plasma CiLjkJIj J jill 
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Jca CjI j till Sjl jS j o L " 'L'j"'^ a Up* vJ^l J 

1 ^ claS pLul jl Jj ?-*JJ ^ 4 aJaUba JJC. <C la3 j^Jajjj 

u 9 1 * jl J-«] (_j S ^ Lala 5 Jljjl A jj £j 4l1>1 j jlaJl j CJSJ jflll 

cjU jlaJ! j jail LJX> — j 

J villi Uj UIkLo Ija. Jjj V Ajli ASLkll aJIc 

iijL^J cs— ^ -A# J J^r ^ S J J^ 1 u& ^ (jJ (jJJ A^jij^ 1 • Jji*j 
ejljaJI £^jl oj>i jjjii jj^L ^-J- 2 4£.Laal! V»t i ^Uai Loij »1 ■ tail! 

<x Jal jia ^Hi (jj'^"^ «La_pUI SjjLLlI p ja><i jl ^jiaA-lall j^>j .viliilj ^jSJ 

Lj — 9 oLj^S jJ 4iaa-« AaIu La (Jja. jji ^ ' ^ ja.) ^-3^ Lpl il lia. 

^jJl j£l j 6 jlaiJJ oi$J Ijjita XoU-a t"unjl 4jiLLil! ajiA Jlaj .ALSa jl jj 'ilc 

• JJ* ' a *^r" -'j^- 0 (.5^ °Jr^' AiUall oi& j^jJ 1 jA 
jS^sJ UoC-L-ka lloiJal '» a I jL>jjl jl V) 4 villi JxAj jl j^-aJ V fljS la 1 ial j 1 jjjj1 
^L>jj -vl AOijJaljjoaJI dlVL>_aJI jV lift .villi ^1 (JJjla jl *Uj > j Lil ^jiaJ jl 

u 3 cLakJI jl£j .Mia Ajjllall ClI jlillS 4i jlLall <aUall <Jai^La LajXll L>a ja. ^ 

Z <A-aajflj jjjll 4jjijll oift Ljjjii ^ jIaj ^ 1 aLall jjsl! . liLniuiAa jjSI jj 

villi j <J& s jIa±vJI j^aj ij jjj J g > <aj l jl j-oLjj j* * j*£ ( Z-Pinch ) 
^ "deuterium" JjSjII j^ jja^J jlx. jj& Julo ^L.j^£ jli jj^-i 

y ° 'j 4_aIiLal! LaJj^LllI ^ jlijU jjjuiiLii-all J a al l <C-jjoU A j I l u li La 

CIj — 9jll (j 9 (JjL^aj9 jjijl ^3Uj vJllL>j^ll jJj!)La jliaJ Lpjlj=k A^jJ ^JJj ^L 

Sandia jS-lm ^jnj^j LjAjI uj ^ Ajjia jll J-aLuall 2 Jl ^ (jJUJI 

jjJjjp 0 • <ij^£il ciL-buill jyS ^1 cjj^ National Laboratories 
tungsten j/u^nll j* ajLJI <»j9j vil jLu ^ t<j via ^liuLa jc SjjL-o jjl j 

.(<ijj^1I tcjjL^iaII Ji.lj A-a^iluwJI liljLJI) 
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/pa j .' j^jgiSxaj^ J^ala-a'' J^sLsl^I ^3 4-a lagjm fill tilii t jfc 1.1a. J^^ 1 -^J£ vJjLw<a^)ij 

^jj — £ ^-^j *j ^ s Uol.ic.1 ^ ^jjjill JjLiiil j_j-a 4x. jo n jla La 

4 clia j jT- 9ol ^_sl — S AjjjIa. Jaa. Jy^jJ Jja 1 g j£ <i ; i< e j^JJ-a 

jjj L-qjJj 'SjjjS ClxnuJ AulLlall AiUall jL La J^£Ij .CjLjlaJlj %Jjl£jljfl!l 

.4 c-lasJl iaj La ^gJj Lgijia ^ ^ ^j^L^I ^cUill Ai^j lggj-> 

a jS ^-..'.'.'i.' ^_Sj^c ^uljjl J^LII 4.LaA jli .ojiA JySj!i]l ^ 1£ iLa l _i = ' LA^ 6 ] ^^J^Lij 
jj-^JJ Jj—^Jj UJ^JJ Jj^J^ Jj^J^ UJ^JJ Lp3L£ <Lxj3j 

j— - »J— a A " N * ^'.J^r J^* L? 1 ^ f ! UJ^JJJ Jj^dJ 3 

I g_i j ^1 AjuJ j\\ 2ilLI] I jim jj^J v_a'l£ liA j .Ajjill si _cj]l a^La 4i'u£ 

Aiuji^i]! ^jL^jjj . jj-ojiiiuJ! /pa /jjJjjj ^jjAijj vjjAf L" 1 • ■-^L^L Jj^a 

I j£ Us] JfLlj ^jj^jj 4 ■> j'Vill <jl J j *"> II (j-aj .^ilj^lj j-aj ^ cjjJaJ! 1 3 » LaSL ^lill 

. j-aj 4j| Igja SjilU ^Xi --y- L-Sj-i Lvi jl 4ii3.; 6.I0J 

ML*. ^>^il La I j] 4jl ^ jj 'Uo£]1 J jiaJI 4-JjIaj .Aj^JLu-JI CLlLjJiaall ^ Jl jjlL 

- '^-jj- j^a'uio ^Lijj I^jj Lsjjs 4JlSLjI S jil! j-a aJL^. Lu^Li. 

J!Lej .sjljiL-jl ^2ju S_j»j » jJ l^ljjLail lai - all jlj LjaJj . ^^^I^iljj jl 4 ..isj J^jj 
j — a j — jljJa Uj->ol laJluiL £_Jajll ^jljJ jl i^J^i jl I (S oJ sLlLj*— ail ai& 
jjjLj Jy3 4JI LJ HiggS field "J>^ JLs." ^Ju kkjjx^l\ ^it Jla J jiaJI 

.IjjilS jj_ali»JI 

L>*j •(^^•'^ jr^^' jj-^ J?-*- 0 i jS-aj Jj-iiSj 

J iJtxi C ) jj JJC L^C. Jjj .n-sH jjS-aJ ^ij^Ll 4jUa Jjli t Aj 'nW'l 4 ;...<L>I 'i» "JJj^ 

^y'' Luj Ajjill il r.^ji u oil 4 j'iVi L ^ ' ^ r *?• J-^° (_5^ 

(jiaau jjli L^ajlj .^afcaJl 'ijJXj-a 4^ ^ U sIjVI J^li». j* Aaliall j-a AulLc. CjL^jJ 
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_ic aj Sgj jl jS^sJ jLajllj jl S ali ajJJJ^ vjjljjjju J 7" JJSJ ^lilj^iajjl 



CjLjij j« Ajt- jL jS-aJ Lajj j a£j LaJjj ^Jj t^ijiLl «LsLL j-a Jal AiiUaiS >-l)lj j fu ^ 

tAj, Jal jla diLj-w.ia Ajc (ojll ^ '■--.') AlUaJI ^IjjJ jLal lilj .^J-aJI J 

j_JL^]l Jal i.^VI lift JU jjJ 1 , : ^n J jlaj jjLJill jli 

. Ajljiall ^-j^iiJl jl 

4 JtUl S j ^rvll jj 3 '1-2 ^ JJ* j3j '^5-JJ-j (3" ~ , J^- A i 

. Lg-**a Jxlscill j 1 g jlc. a J^J i Jl j L^jS aSaJlll jjLaj jlxjl ^Jj 4 /ii-n , <aj 

:The inflator i 



k]i y 4-aji JjUa V ^Slj^J 4j Gjjj lii jl LaJLL 

jj! j j jl jjjj i ui - ■ jl a 11 j JaaLaJi j> aiatJI jl Lulj La£2 .v-jua-J a^)Jj£j Aij' *> a] 

iJlllj ajLa j-o JjikJ j' '-ryj^ P 3* AjMjs. jjj-allj ^ , n i uj ^£-JJ J}-^ jlj&ljj 

xi^ j » >l ■ 1 g-upl a ja jSj .o^wail aAg-J ^gjjSjjjj^j^ajl ^saSI ^jfi J 1 

A LjjaJI & — t-J2 _&Ji Jill 3 ^3 ^ A-ai^jJau» 4j>jLi. ^£.2j-lll (Jjiil i»J^- 

.4_JLc 

j C J jiall £_>^ ? '"Wl i n3 "/S l^3a1V jc jjiajoill j-a Ajj-a J^J 

kiA, Jl SiLLJl jjc LgJ>lluj jS-aj i L£ Jlall J.^ill ^3 ajl JjaII AjjjUJ 

>iLjj^ jA ii j^JI Jl—jjji]! i,-L.:;aSl aai ? ^LuLJl 5iUall allA ^ >* Ti ■ jjj 

11a j :a 4JaLaj]lj (uJL <ijjia ^ £A ^Lc Hendrik Casimir jj^jl^ 

1 ^-?-JJ ^ ia« ill 1 .ng i <a»J jx L_jjillj 1 > >-i j jj'nn ^ jj^jS Ai. .<L«Jij k_sjjj La 

J J « " ^jj lj > <g J^lj <-ajiaxeJI ajlA ^ i >i 4 jl£ jajj V >"u-\ j La^jJJj .^-?k.j] 
^j-aLiailj t4 ujfr^ll '"'I ia ujjlj dll jLiJI Laj^ _o-a 4Jus 1 IkjJjuixi ^IjiJl hjlr- 

^ j-v n'i , ,1 AjjkjJ \W (^ii^aJl j« 1 all ^gja, AjS Laj ^jj Vu^ll Jjj j»J (a Jjl a^all 
, A i\\ , a \ \ ]^\ Y' ^ \r. 4j ^-n. y\ jja j Q ll jJJ Ajb-jljil! A ^ , : 'M j^ a^iuj >'*f- 



91 



LiU J-ilj-a J^t'i.'j "i^g^^l ^■Sjill" J "ijALL jA *illj jxaiJS — jj! 

J V] .^UJI frLjaftll j-a <!U. ^1) JjJaJ L^jS/ AJJJC. S-La ,^ic JllaS l^juJai jj 

tajL ail ja ■A-^.lUg all jl «Li jiau <3a11 J j 0 -. S! jjj j ;j alill liaal 4X-jl ja Jilo-i ' 

.Aj-aSJI eLjlAll ^ A-auJai jJI jjc. A-aj\ j. >iH j-a ^jj jA ^ I jail jJJj 

j a AjV t^uLJl AiUajL j-aliJ jjufcll j $gia uiy jA IjiAj 

Aj_jS**-a ^A Lajlj J-clSlLs LC.Sj3 ^IijluJ jji.jill j^ 4X-jlill <aialail jl ■ "--1 jll 
jli tAjjjflaJl Cl)U jjjill jvo IgjljSI Jloj . 4-J Jj.ii£i31 dili jJ jiSl j-a AjjiuJax 5Jj£j 
t _ s — $3 jjjlljuall Jjik jij! jjj IajI ■ nVlbj iAjjJjt-ajl ^1 jiV' j«a Jjjj villi Ajjj-iilil 
^5 — ^ jj'j — J <-i>LO ,\r'<Vll j! LiAj telaut ^1 ^j) Jlj^jjl ^3 S ja. 

r j-— i e-Lja — all a — a ^jLLilL: » j}i.jall jij La j^ . . "■ , ,■ <cjllai' Jj'ujj jail 
^ jjj jiull C_iUjj^i]l f-l ail w uaju ■=> ul£ al jli J^-^' 1 — 1 j* 5 • "'J - * 1, J° " 

J^li ja) ojUlvJ-ali <aliall ^La^.1 jli * >/V^ j ' a^jl : jii,jill ±J?>Ji " v ' * ;"■ ■ -j ' 
j — 1 LaC Mjls JSI j jJ^jill jlJ AlkLaJI Jklj ( jjL ^Ul ^ ^ joijjU i^L« 

^ — it j jslj I — IJLi. — jj jji II (.Lja all 11a jl ^Jc Uialj La lilj 



jp>J ill jl j 4 alalall jl 3 .Ajj^dl ^jSV' ^ I jL o ^ jL-jJ Ai'l-L 

— ii j c j Lu ajjL-j II 2 aLkll o^Aj .ajjLo <aUa l5 1& Lpl j* V 

. jii. jill jiJ L-lAaJI j* jLuill <L1b i j5 jx ** aJili La J^lik j<a 
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jLjS — J JJ-oJJi — ^ I — g-J J' — 3 ^ jJI a J ail ai* -^i tf> >U 




J-J&l) ^^V! j_^liJI J_£ i*ii_J jj JjUj <J ^IjU^I ai* J^j 

5 : j^lJl j a iJI J 1 aJLL 4 a jj^Lail .13 ^1 J&^^J 

J 4_.nl. n II A alial] jl laj f.L!j jl S j jj-ajjl£ ^ili jLu^l " 

Jl oj 3 (.A i^lVill 4ji_i^a ^ . )jl aaSl ■ - P^l j .^Jt-S 

J^)x j lla 1 *gj-a ij^ A^Lota l-J^ jj i i'^Ic. 

r J — 3V 4juj ilLj 1 al . jl jilt ^Jjl 9J La]£ £ ."'i j L_i.la.Ilj .jal^iJI j-a jjia 

_£j £kl *_jL _jV _ rJ-*-H A lj--a j j j^l j'l3 ^ ^-""'11 <-alj AjLaa 5_ij^oa 

£. laj — 1 I_A j^Jj f-> i al _£ jjxo jl£]l jj^/I 7t_]___j j! ^JjS 

n£_l aJI' II CjIjjjI Jj t J;1AJ jl£ jjl j_i_-liJlai/s j__a^Li "> mill' j^s 

. eL___ 4 LjS . ii jjj . _i jl ^Ua-- ^jjLujLS 

<Luiu 4_>l_» Jj__J ^j^l JjLj 

^Lnl — ui 4 — SLL rL J«§ uo^l j ojj i J *<V' jA __li JJ^jjl^ jjjfc 

5 — jcljiil 5 SUsJI a'l » J la j <1 «£ "£__lj3" <_j lJ j1-jl-- I dll__J 

li] (Mj — a el j — ai) ;_>__! C J =J j ui jx I ajl lg^l"'j j£*J 4-uL-l 4_ia--l 

-ui Ja_iailjl ^ a j .o j 9j j^jjSl—xJI ^ " II lift ^Ll^)^j La 

i_L>a 3JJJ lillj 1 & jjjIjj 13 & "A SjAlajl slj ail" 

u a- j Stephen Fulling jjl j— a jiu — ^ ^^L^ — a j kaj ^a JjjL 

1 — jl — 3 tg-jlm "ill ^__jl jla J£J*J olj-a li] <jl Lj^a. j j£3 lilaul 

.1 ^5 J — jliaJI ^-Ij — all c _ s — II Ujj ^^Ijj Slj-oJI ?r l-i.. i j-a jjjj AjAuJI AiUaJI jx 

j jjSj ji k^al jl £ A\iAui II A aUall j-a ^jLill JLa^l jU laaJ l c-j^ul j^Jj 

. 1 '1 aC A_JLuj A^Lia lljl 4_illajj Lax 
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^iilLi si_>a) L jiiSLc ^.Ij ^ It n \ i j^-aj 4-u1uj 4_us£ 4_1C.Ij3 AiUa 
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a jjjkj ^ill jjjB ,>a£u 4 nLill 5iUai3 JC.I jll jlj^jl jjSi Lojj 

2 aja. jxj 4j^j j-aiS! AlUJ ^jij .ISj^Lalaj Ija. \jfij lijj-b — ojLucLj Silkll CJlc 

( J^l jls) f J£>J^ J (o* 3 '^' LT""* 3 ^ 3^) f" (j* 4 ^^-yj^ _>F- c£ J j^' e J*-aJI 

cAl^h LLU-o llil jia^l y&£ iiti lithium niobate 

rl Jjj JJJ^j IgJ 4J\jujjjj£1I ajlAj .j»a-Ja^II <j;j^ajll ^—SJj^ill j^a Ibji 

tjjlj Js ja\\ ^jj-aj JjSJuj jL*j >, : 'n-> i £ >il jl jj£I Jjjj Cjli AjjjIj <• j^j 4-aJp». 

squeezing the V Ills U j* j ( jliil jL£l) v^j j <1U 

^ ic ^^Ixj ^ljIaJI jjx^ax a\\ (. jjJall jli ialiaJI .-io jiaj .light 

.AjjLxjV' <aUa]l £_a iilLi&j liA jjljjj AjoLJI SiUal! jjx OLja-u 

duJalm l jl liljV .c- j'^ l ji aacS a \j-> jll 4ijlall jA ^jjj! JIIujjjSIIj IjA 

CAj Jl jjj jx . . . j\ jjjjl j\ .iaJ _j "cs^" '-^-^^ ^J^* 1 "" * jjja diL >i n ^IjjI 

aj A j»jJa_jjj < jA^til j>-a v^jYL=» J^ 4 ^ ^ij^i '^-y 2 ' ^ *j toa^lj J£J 

Ij 4>j .4_uLJl Ailiall <ja <aa£-o CjU-qSj ^ilaj Lgjli ^jiasjll LfrjJa*J Jjja Cj^LaJI 

,<jjiull 4 j-kllll jj-a j£-a>; 

jij-aj J Sj «s jj-o a ^ a J laijj jj jill *l.iau*J ^ 4_Lujjj^]l 4_ii«J! 

j w 1 $ia ej :J jll j*'-.. -. V jaiII 4_ri.lill j^ .tilt ILuU) AiUall 

.Sj aII j>i 9j jaLu j 4 — Jjlaol 4 aLL <jJa — jJu (jl JjS Ajjliill jj<a ^ • 

4 « ja. c5 3 Sj j a. jA A . 3l LI! (jc- 4-uLJI AiLUI Jj-aiJ tjji^' LH a *j J 

LS ill 1 Jj-ail (j— ° ^ & J'"> A ^ a>-J^3l ^ > a^ail ^"uujj .^J jjJ frjjJa 

t—iij uj iaIij kJa 4 jjl J)j L^.jJa uj ^ Ic. c. j> jail laL uj i " ua J 4£.^jjij jjJj 

/j C- la 4 alia a 1 il jjj 4 uLu 11 AlUall fj*- (jjjLS»il LsIjaII jl JJ J j-a>>»J 

jj J S X-a— S till iA jj£j t-jjAjj Uj-all (jc I'Jjjuj .AojUjVI <SUall Aja. 

J^l i. j aj 44 ajaJI ^ jja^a ji) AjjLall AiUall j AjjUu^I 4jU=l1I 

4_uLu_ll 4 iUall 4 Ja. J j uo Igili ^LSxiVlj 4^-aUJI 4^J^S'I (>« 
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<JJ>.jl: Jjl-S^j £-a ^la. . JLa^iU A i la a ^13 j$\ j±n 4 4_JLaJI jj^l ^-p^ £-»J 

^ 3 i AcLL ^tiijj "Aa! J jL LS lc ls 5jj 3jLjlaJ Li^J^I AjjLJI <alk]l 

J Matt Visser cjU JLjyaJl J& asIj .^LLJl ^ji^ j%a ^Jjh <>i 

, jfu*nV ' <■ : iS j£ 4_!j£ J-j1j*J 4iUal ^tjjsuj u_i Aajj jla <LjjLj3 uaJj-i liui 

j a teraWatt ulll jl J— ; jj jjA: AjjLJI j AjjU^VI <3UJ! Jjj ^tj J^j3 £x j 

j__aC ;JJu«J Jl ^Ij^j ^j^j^3 a j ^'in'^ j 4i Inmo ^ jLk ^^aui tl^jJyU! 

dlVl s-ftJ 3 jjjIj 4 aJjj£ 4_ijj ^ 4jy>£ t^tjS 3iUa lloi iliiujj lift 



u- 

s. — L 



11 t^UajVl ^ JjjL> Jl >ill ift Ij Inu.ij JllaSj .4jjiLsJI j-a 4_Lu^ 

4 IjJjSjJl CjI i JJ jiJI <jia *J L_Li ui jj£ 4_uluJI AiUaJI ^j-a <Aauui LgJ ^a, Jjjjj 

1 ailla j *sl j .lj — a. Ijji u<a -jj «\J jJjl — ill jjiajjM 3JU. Jj Ji*J 

a i ijill jj .a j 3 .jljij Jj j a AjjLuj ]| 3iLU! 4_iU^ (jla <^jj>L> Jia. LiLij 

illl j_£.jl a ^Ja uj A aj jjjjj .4_ljlft <jlauioi]l ^jli J jjuil L-Jij tt ia i n 

jl jj ^ a c_j aiill J i.b (ja i ajjLj_JI ^aliall oiAj jli cUiaa jaia Lajlj 

• (^aSJI ^Ijil! J J"Vl ' ; iSoll jli Ij^J Jj!ilj£j iJsHuLa 

A — jjliill 3 J j a> Jjj jL ;jj jL ^jj jL j^a-oj 4j_lLo]I <SUaJI Cj\ J1ajL& V 

Jl j uj^I v_J^ £11 ji 1 aK jilj .La jaJi liuuJa Ia* Jl jj Vj j]1 

II A SUall uj A alj£ Ojl^jlj t <jJa uj Aifc Juil ^JjjUJI Cjjl£ LaK 

uj A al_L £ jujj >_Jj uj (JjJ> 4Ju£j^ <JJjj «j3 ( T>*tj J JjjjI U£ jl .4j_aa- 

jj L 3 a'Uajl < _ 5 a Ho li Hui Laj tAjjUill ^ ^2iUa i>-l2>-j) J _aa> jjjL JuA-aJ 

.C_llj^alj£ (JJJJ a 1 
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Stephen Howking j — * ok 



^tiS j & 1 ijj j a j . II l_i j slJI (j<4 i_jjjj]Lj <jjLuJI 4aUa]l -jj^j ^-Jl*^ 

•jj-J ^WLjj t_J Jl_i]| f l *JI Jj .^1 Jib ^nLJ) AiUoll 

^ 3 — full 1 i_A Stephen Fulling ^ill j— a jiii^ j William Unruh 



5 alia J}3.J— j ^.l^-i^ J Ij-J ?-J -j— .Jl *jVl j^lij JajLuJ-a ^^jJsIjj £ j jaS J>L». 




Stephen Howking g& 
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1 Aj-aij ( _ 5 £3 Jj uiVl 4-1 — Sj3I Vim j-a L-jjUL -Laiajll IjjSI £jja j j] 

A aliai] Lfla SI J j a. j3l j a3 j sAjIo*!! 4 ■ all JjjS J* A*j 4-uLJ As'Llall 

.l'A__ja. 4 JjjjlaSI <^Ij uiVl (j « <jA AjjjUJI JW^° (j^ AjjLuII 4_i«£1I 

1 ajjla .A Jj3 4 jjiLa. Ci£\ a_a A jjj jj£j uj A_^±i ^1 j3 JjjiJI jl LallL j 

V .aj-^Iu ^Ul CJ oSLM ^^Ji JiU > AjlkLall UJI AiUall 

3 II L-llm "'; ' <V^>2 '1 " " (j' ^ l^lj .A>ajC. j-a IjS-w IjA jl£ jl i—Sjjlj 

j ^"]J ^ la.1 i j « A jjla a ^ Ljj a £ a - a 111) 4 jl or- J (_£.} j.l3l 

SI (3*i— 31 A u.jjA ^ £ a '2 iLaxSI 5 jljjj jj jill j* Ualiaj -I laluil 

A_-ajLa J gJ «m ; 4 - j»j £j til Si Axjj A u ul jail Ajj^ SI J ^jilu) JJ^j all 

^.Jj-J SI (jj! SI jJ jj c_Sj uj .1 ijjLa. j a J jfl a a jj-iJ IjjjS Lpj-2 taJu Ijj 

lill iA jl til la j 1 I a£j lj — £a i jl £-aj3l L£j' J ^Jal j jjC. c. ( _ s -iiS 

U a i 1 g-S 4 nLi 31 4 aLlall jl jSi uil.xA.lj La*a I^A jl£ Ijjj /AjjLa-a Aja.j" 

j a 4 jjjS jj — £j L_ij ui (_£J SI JjJu 31 Ajj£ (jli (j-a j t4_nlm 4_lj£ 

J a.1 j a 1a j ;<-'' J 3 ^ jJI A__iKj]| ?t j . ^i'i Lajjla <_£jaj CjLoKjj . jL-all 

j__* 1_^JS AlL oil Liu VI— o rll^j V Lajj Jj aLIS ajAJI Aaiyi 



4 ja jj J^_jL j_-a L S3 '1 frjk Ajjja oil «.! j>S/l ^ 



"^JVjJa^SI ^ ' . .-1 a j- ii ll^ a 4_: ? jij Jja. 



(3" — SI j» j — ala. ^^Ic s-Uj^I jA iijjjLs j-aj <3i JaC ^ji ^^j-aJI > . dialall 

<Jja-a Jliijl A 3j i njS ^JjJI 3^3' -I ^-i-" j^Sj .Ik. j!la-a ^Jjjll 

jl 4 jic (.j all jSlj .(JjzJ A^J\ j\ AJbajl Jl (jV JJ^U 4jl jJ j^>a-a jjjjJ 

l^__A j a V^Jj ^-S^ J j 1 rtiinio " jj ^itll" IjA j-a ^ jikjj UejJC- j - ojjej 

liili i j-aVI I^A i ■ ilaaS jl t ^ja.Llij'y I AjjjS^allj Ajjil ^l^-a-J jl jS-aJ (_^i3l j i a* 11 

a jj Sj jl LiJa jIj .4 — iiaj ^gjljjjl ^^33 AjjjL^JI JjSa. jj^J jV £^Ja*J 

ja'Lj a3l jx (JjjiiuiJ ^glSI ^^jj-iaLall Jj 4Ja.j3! jV .4jjS3t-a 4ja.jl) AjjIjaIujI 

Jjjkui — SI jl 3 lil j t4j ^jii jV ll> jjcaSI jj^J j3 li-aLoj'y AjLa 

• AjAa^a jjC. » ' ■ aLjUI 4jJ j^SI 
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.(Jjjj-J jji 11 A jjUoll SjLail lj jJla. jU^JaJ jLiL^Y' u'^* 

toJSjj^ 9-ail all sjLall 4j1 JC- Jio j ja. jj^^aLkliJ L&jjj jjljLijj «.1^>±iJI 

^ Ljii 11 j ^j^al II a jjjlaJI J AiiAC- 4 q l-» 1.0 > ■ L> J ill 4 3J i a jt oJj-iXxi lil LaC-j 

\ g 5-j i g jj^J ^-i-a J i_S^jj * s lj3^' 4x.j-aa-a J^Lk j-s l& jl ir n > tLi ^-xuoij ^1 ^jJijJll! 

1 'A Ji.Aj (jl ji^J ol jS^/l (>> £jL*J1 ^UuiVI jl£ Ijj Lot j il$iaJ] j-la-a jl 

Jj A j ia*i ^A^-al JU1L) Lkl.tfi^aj t^J-g-i ^L 4_La3j Jja. JJ-^ J^JJ 

jj—i 1 jlaj L_ijli Cj 7n J ^ jlr. ^> j <31 jj ^\ <3U^ 

jjjl j ji — ^5^1 (til Cyj ^ ^ ^l.^Vu.J J JlallJ Jdlil 4jjsj !■>■ iijl j -4/J g '1 

3 jjIjj^ 4 i-s/:. j II <jjJL II in j jl j j !Ai lilli J*i2 Ji j jill 

J_i .ija ,,,,=, Jl V I— *y*. (Aiib Jl CAjjjjlityl JpUaLj 

Jl 3 jjj i_i j ui ^Jj-i II ^ ol jSl JXa>l dlaJj j.^n'C •>■> J ^LLe 

j__i.VI 1 aiiJ t« J'^i .11 <Cj ui (j-a i_ ij&l La J! (__J^Lo JaJt<a 4_LlojIjj i_$JlxJ 

4 jjllla <__ilaj liLui jl ■ " 1 ^ -- j! 4j1 u |_jjq IjlAj .i^l__p> ^i\_J I j'j'u no Jl jj V 

o j£j Ij * Jj^ilLu J 4 jLaatll sift £0 Jj^l •s_$- i J-^' J* iJ£ 

1 gjlla. i«u jj 4 ajj 4 ILv 3 3< ^pJLell 4Je^ill ^ J . «aJ Lj-TvLi. J t>_jl_aiui 

J ujj j 4 jVI jj 11 II j .^j 4 & jail j a wJ jjSVI : 

.vjllljj Ji^j kJI a Jil ^JaLall Jl sjLoJI J^a ji ealjc 



sJ) J-Laj jl 4 la^ il "jj i«ll ' ^ii— a a] ^-^J^ 11 (jj^ -^LiJ tAjLastll 4jjI^J]I 

J laJ 1 aiiJ .UjI ^Lii jl — lul sjjj C- J ail_j ^^JiJ jjL^ ^ > iQj <■" uau 

. jljLaVI J^iJ Ij^-aS ^J! j^ll (3>iH J jL 

9 t _^aaJj — J _j C j a j 4 ll Jl ^ J jjlll j^jill -Jj^Lll ^ 4iL_u j 4_aJ j 

S J SJtall ^loiJ J j a ^1 — J i _ s : jjluj ^aj 1 4 JjjUJI JL>-a ^liajjul 

1 icJ i-9 1 jj!^! 3 1 — jJjjJ U — ui J;iij JLill ja-ill Jc J^utl) ^Aj ."(J^>i-a" 

L^xajuj — ilj — 4 jIa j3 — a>] fc_ia uil a — J t jl — lal 'ij^ic JijJia. J ^J^ 3 J J^j 
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w a. 



-XJJ jjJ^H S ^Jj' 1 ?-* *tslala t—ljSt ^gJj — (l) <A jiSI 



I -^5-" — ^ iai^ ^ 2 ajiluj a — a.VI 3jk_jaSI ^-J t<Jjj 

3 aaSII l5 SI u La jll J jail j c5 : jjliiH jj^Ji II 3 ^jsU. j| i^JjS 

1 iAj jl j a-i L^j ubj ^jj-u <uill ^1 Lill ^ S] (t) ■ ■ La ml ;3_jjIkJI 

. al lala^U SjAla. j-ajil 3JI jj j£j t u 



jjjl ale jjj — g-iLo J — .rai ic-l j — a.^1 1^ — * kJ-°*J <■ ij^ JJ ^j^J 

L_a j u u JJjl^l II 3 jjila. .^jjJ SI L >1SI j3 jjc £■ ^*i^e I A ^ I a 

j ja_J uj <* ileJI lj 4 cS — 2 ^J^l jj ^"UX 1 (') 3joji3l -ijc v_j3jll j.i*J 

3jj j -1J3 Cit jj m eJ c ^ai SI (j_c A*_y 4jV 3a jiSI He «ULaII jc IjL 

J It-aJI 4 SAx^eJ < j l Jll: y( ^jjl ILj t; »aj SI 3_jjjLaj Jill j] <Sjjla3 

..;L.i aj jl j ^aj 3 Cla. 3 ej j £LSj . ( i) jlV' <jloJI <Jc ^J*J J^lLi 

£ Ja _a-olaJI j ^JjJ SI Jjji SI c£ 3 (1) 3 4> jail jj£- jJsju Vjjl jjajjjl .LiA Lg-J 

.4 Lis jl lei a_a I ic J xjj 4 jlall ijjj ^-ij-^i ipy 'ill j-e 

^taJ II j— fr Ij a. a j» ; 4 (.—i) 4 ileJSI jAy (Jjlail iaJ J>Li. j-e li&oj 

^SL_ia jj_ £j j aj JULj L_lja jjuj jil Lfc'ji^j i^jJuuSi 

? ?r j-s > n SI j 4 1 afl La j a jjjj •(s J ) '(^) ^ g-iLeJI jiJ ^Uls liS^S 

j & I iA 3 jaSI _j ( Lujj j j jSj t «. ^1 j$i Asij 1 1 flgjl^ ^ ^— 13 jil k_jl >aJI 

j — SJj tjjAll ^-ill ^5 — 3 J — jLelo >_il — 3j^sJI jj^J ^Jj^Jl (jJiJI J^-^- (j* J^'^ 

Jl__rv j (I) Jj j u ajia. jj— 3 ^SliA ^jliJI «.LaaII J^La. (j* jJa^b 

j* I' j iC jVI CLj_i3 1-1 il lilj .. J jbl ! IL1 J CaJ flla JjiVl jjSj 

^-JJ jJL_c «.Ijj_JI ^_Sj ^Ljia (^) ^] (I) j> j^j-iSI 

3 Saitl l ^ Ij Cj^ C Jl 3 jj ^jlaJI r I 1 aill JJ£- (I) ^1 SJjsJIjj .^j^aLoil 

^ 3 3 ali-e aj aUij a.1 Sj-o IjSAj .IajjUj jl Jj3 L^j CjI^j ( _ g jil 

lilj ' j ^* ' ^ a ^ * j-°j SI 3JI . jajll 3iii^s Sjaa ^ii ^luli »S >>>sll 

jj^ & j aill iiS jLoj (I) l5 SI j>o ja.1 oLajl ^gk ^Jj^SI t_y^ jic CLuii 

. Ja » 1 1 al l ^1 
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j__Lj . 4 S ^ ill jJaill <£^.J jj-a ^-i j-lll (Jjjill (j-aj i '^"K ; 

jj ^^—aa . ijjisL _>-^ J > . o U <jiL=J — j (_> ^lli H. G. Wells 

cs 31 a 171 cj_Sjaj til II j— j)j 4*alj jiLouill ^li "j^jll aI?' 

all" t5 — a j j i ^>— \ i 2_j_>uj__1i fj-Jj jJA_ill ^ — 9 l_jcV Jl« jjill J ^L^l 

-L 93 j J jjj Cll ja. ^ 1] Ajj^a j JliC j . Jajtll 4_la j i ■ 1 1 nl jlj LoJ ^ jfill 

j»L a oi c] <L u) jj j-oj 3! ^ a > ° liJl Jj jsL^j <jl wjl jj Jc k»» ■ 

JlLxj < _ J 9 JLui all tiljLuj j lilljjo Jj-a^ ^'j '^J^ J-^r j-°3^' 

.jilll iJ 1 jK cs __3 jiLo — all j^j] USj ^LVI J S-ljjll Jj AjaI J Aia'^JI 

j JC ' j lj V ^ ill jj !l (3jj !l J «j 3JI vjjlj jjC CaLaJ ' ai'-i- ; I jjoj 

. (jjSlI jLa*-A j\ 4.>M,A''ft (jj* ^3^- ^^"^ lS-^ Lailj t/)xjl\ 




H. G. Wells jLj .£ ^ jj> 
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.*Lja — all ( _ s — 3 jl £-c jj! — !J t-_sAjj V <JjljJ L>J^ J3Uoia3 IjjIjj 

J-i — Sjll ^ 3 A tt— 1 JJJjM li* (jaliiJI J j-a& ■ uaSj Cll iaajjl ajSs 

i^l Jc 

j*— a 4_j uillia til — ^^>^J -2 3 Lgjli o^a^aJl jj£j (Jlj to^a-all ^)JC. S-lpE- 4jJ ^jjja 

1 *$ia i_a_5 jJ J SLaV (J jl LI 3, iA (jA 4j] LalUaj . Ljl_J jiVl 

lj A ( _ s — 3 (jxj-Jl 5 IV 1 — lioj ^ kja, «ll cl ajVi j] — 9 tiljl _aLuJl ojlA ^Ljal 

(3ji II j aj 5 — 31 ts a Cia jlli jj] .<Jxl£]lj 5Jj^_a jjc. jj£j ijliaj^ll jjj^uJI 

ij-aj II J C.) (J a J9 .til li jc. i « jil j^j Jc i— a j ■ An ^Jj-lll 

<.Uia — all j 4 — jI^j ^ — a L>j^j ui j*j — II jaLouJI jli t alaJO jLj^Jb 
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J$dSW uixi j£. jJluJ j! ^U: J£J l^jlS 

T. S. Eliot cijJj -o-j 



CA£ la^-aj i j*jll <1\ 4-!UiJ jC 'Li^Li 4jIja. Lil jJ ItlJ ji UlUa 

l^j i_fljll alljJC-j t . 1 J jJlSI ^ Sc. jjj la-a ^ akll JLpJI 

'ijl ;jl j^l S j'* ;ll jl £ Ijj jl jS-«J ^jjll v " )1 » nlL Jjl*ly LaJ3 t^j^l ilall 

• Jyj^ 1 

cJ^J II ^^—3 i, i laJl ^ Sj jig. II *1J ^ > AajIjII CliLjal jpftVl t> 

ajl jj j .La-all j a jl £ lil . J/a"u>i all j-e n-s uj ^1 Ixj <a.l jj jJ Ijjl 

i~_fl j uj j a k— ll jluj II i flV 1 Jl «J 'li^Lala. jl L 0 -?^ ' ^ ^ 

^ 1c jl 1 1 illja.1 4 laaiLal I jjlj «.ljj II LgJ ^J^J ^ ^J^ 1 UJ^J&i 

5 AaC J la 4 jaujUIl Clllj — a.S/1 jjSloij .^1 ja.1 jG lllij hi I JJ^iil J3VI 

j C. JJjl SJ ^ jj JaJ _ — aiJlall jjjALLall JjiA j -A-a^jj-a ^Jj tball L_lL^a 

^U—L 11 Jj-^j f J_c J ^hj V .^-Jj S j,l_yi jLLVIj ^u&i 

. j-ajll JLaJjj^U j j . ..^O *U 4 u.i'iIIj <* K , JLuaj ' 'j-a jll 

j aj JjVI <UaJ jj j*Laj ^jial jk-VI jl jxioa. j-a 

C5^] U- 0 ^ jiaJI ^2 i_5JjJlll (3^' ^Ijtilu-jl Ajjl£-a] f^C- j-a aC. jll ^^Ic-J .(_JJjjII 

. I g M mi jj jl L^JC.1 'i. ^1 jj3 LjJba aJri,lj ^.iViii'l jl I i_y^ t^La^l jl c.ljjll 

j-oj SI j-a Alui 4jLa 4^aJ jji t J jal! JjJj-i ^gic jlj tlAlj-UjIj jVI sja,Ij Ijjjj Ijjj 

tX « « ^ ale- ojLjj fljlc-j ri j£ aj <iuj 4jLa ^JJC c. ^>all jjj Ijll^Aj t jiLl^jll j^ (j^jiij 

C_l_jl£ j ! Ja S3 .dll jj^UjjII ^Jj^)! ^jjjII j3*ill * lalijuij jl x-jjajjuij jl iiL£Jj 

j a ^jjbja 3 jjl£ Ai^jx-aJ CluLlua Jl3 Ljjl jl iAjtiilall a^y*. AjJjJiII (jjLuill 

jl j la Iji^A j ? jjJaLaJl ^^^ic AiL-o j j > ^ir- ojLjj xjJaouij Ja — 4-jjl . ia3 a jl 1 

j-aj SI ^Ujj^il jj^j lilliA jj^J jlfl tf • » • > - \ ajSl j3 ^JjJ (JjuI j-aj <JI (Jjl 

.y . . . 
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J] yLu; ^AasJ jl jJ ^ jll ^ JLajjVi CjLjaaLjlo Iajj 

jlfl .2ja-L^al j laA 4aaJLall j (Jllall Jjfuj ^jic A-al) 4Jl>LJ jx laaJj JjSj kJ _JaLall 
^Jj .^jpLLVl ^jic J J*, j ^1 jaLa^il jjaa j\2 JiJall ali jl Ji C a3 fl\ jl 

cLuL j\ (j»Sfl) Slj-JI jli lal* j l_jI£jjV XIS jjaj jl SJLaJ si* 

. 'n.rt ^bj 4_Ja3laLa 4 f'l'i 
1 aj Ca^l a. a3 Cy*jfl ^ JLaJjjjM jc- (-aUI Jlj-vl) jj .-i i <a3 jjaa Lajj 

Back "JjSIui all ^1 sj jxSl" :j»La ^ .<^jal jjlj 4_v,Lail <JSJiJl ai* ^jiaAbj 

J—i Marty Mcfly ^L&U ^ jLa j*jll JL^ JjUj ^ to the Future 

.Ja-ajlla J>»lc-J 4jiLl*Jl LpLlA. LLjjla ~ ; ■ ^ lilla jc ^Lajj C^jLill 'Lai 

el sJyi jl (ja^m SiLik ^^Ic Jjjjj jl £^J^ 2 j «L$_a.t jj Uaa 

^Llla jj^a (jl 4aV 1 ■ ^ajl 4 . Y'l^ll jl ajj^ia ^^C- jli ^-UaJ'ljj .La <— Sj^)la] 

.^CJjljll ^ jJ^JLli] .^jJaLail ojLjjJ 

. jx^>' aJla 1 aixi i) jl laic. Jaii^a ^^jJaLall jSf laij a-A^S 4 , jail jj S^kUaj 

o j S3 ^ iaii laAj (LkJajl jjJaLail IjJJJU iillj j£j jj La ^ i>>L<i!il JJjju ^l''^; 

alilj Jjliall 4 jliil 4 i nl i a. 4 ulajjall »U«'<1I jx jj'K'll ^l^Lx j^ 4 i u , a S^jij jl 

Cl'lj — jjjlj ( _ s It ^5-2 J — J jl j^-aJ • Jal all ^ ^jjaJa JLlljjjiu Jj^-a ( _ 5 J2k tajjir uall 

^»1 c. (_]/"*•- 1 ^3 ^)1^* ' j J jl _al aILkJI 4aic- j jSj i u ■ a iS La . j. a 1 1 4A,aaJ 1 j 

j_jkb ^x—J j^oi J J Caj<ajl ^ill lia. ajjju^Jl Aiiljjll Jal j*J! jl j ,1^1 
jlaj t jLjJI a=xlj jWn.ii ^j^-al ^Lila iiljaall aS LjaV - oi l LjjlUa 

(jlj 4^^:33 j lL? jUajyi ^ jill Jl J jVill Oj^jl ^gjll 4ai j£ll Aju1^\ i^jqaaxui laA 

jal — A Sound of Thunder Lie jll caj^s" :Ray Brodbury<j jjjijj 

la * j^lj aaadj 4juilj3 JjiJ ajl j j > <alijjll SuALLal S-ljjll (Jl j>*J>ll ij^^-' 1 

.4ii ^jjLJI ,J J^a Calja. jjjll Jal^! jx SjLlsla 4 Lai mi ^1 
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^ i al jSI jx • 4 ^ "'1 ^ LajUa ■ '-~«1 - > *" u nj \ AjjjluJI d)l^)*j]lj 

^jJaLa jit tf.j_gjjj Jla-i (^jJaLoJli i La ■ <al j Ljaaljj JiLaJ ( _ s j-iaLa]l j ]..'*'^1 jl 
^jjiJ alj La 4jl jA UC.I La jl ^1 cLkiaia Ilia (J^ ( _ s J-tfaLa]l ^ J^-^ ij^J 

jl I j«atx-a UlLuJj jjjajj JllLoll Jnm <Jc j .4_aa.V ^J^l J AiLj Jjl.ia.1 jiJ 

lip ^ jl £ jl ■ iAj gj jj^axlc- £-^>ila jl j> u,^ ^ ^>JC 4lj jj^aJI AajjjIjII Aj jjj 

l&J t j aj 5JI c-Lljl 4jlaC Jj-a .JLajJ^JI IjlA jl j jjS -lla AjJlaJ 

j ! j ji^a-a ' a ;\ eljjjl ^1 lg-J J^Luj AjjIaJI <TVI a^A a ^"u nl 

\ ^ ^ ^ a > ^gjjlj 4_*_a ' 1 aj| jx A mj 1-^1 1 4_iLaj]l AJlla _j dlLijl <LajULa ^ ] SaJ > .1 ] 

j\ - - i-V \ ^ 1c. a^jiaj ^°1"' ^JJ_ajji3 'i^ali-a 4_i^.L*a LjijSls 4<jLi]l 4j.la. 

o^yil a jl 4 ajLa. jLailLjl CllLlLa*_l fjSL) 1 Sjj-j AAjLJI L$jl__>ia. o^cLm^aJj 4_JLaJI 

I ojiA j .cU>JL 

jV 1 L-ia2l_±j 4-aJ ;J «a J » SI C. ^iLaJl jl j 1 n"> oil 4 1 aflj _cA j-«3^ ^' -L *"'_5 

.(JjSJ ja j ^jlc jiw^l ' ; ' ' *Lu ^(j-iuj JS« j A£jo)Lola Lj-mlj LiA 4jn. n\l *i^)iil]l 

«. a ^J.'.'"' SI *— J LW ^ "^J ^ ^ ' " '1 ■ U *l '"'^ jjf 1 

4 ^c.lj jl 4-1 c.1 j j jc. Ljjoj aj jl 4jjisj j-«3^ J^Lui-a ^a. j 1 jl j .S^pJI jVI 

j_p j_^u jL-oll ^-LaJ j ^Iftj^l (> La illjaj ^ <LLuUJ 

• jjJaaLull 13a (_jLa 1 : uaj j^-oJ ^IjJLiS — <jJI j La ;jl"' A£jajLala 

t^g JaLaJI Sjl jj xalaluiJ Lajj ? SAjLa SjaJI S^ljVI IjLaJ 

ajSj a 1 LajJ Ua^i-la ■- i l 1 laJL-u lilili iilLiA til^j^aj Aic liliSJj 
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jl jl tLulj 7C-^jj jl <J3 lljl] jLaJ Lajj tdljjlllj Jj3 CjjU. |j| .<S*i jl JjUwJ 
1 ajj jl lj ...iLiliiVI jil) i^ill ^JjLJI i ■ 1ii.n JaiJI aLojj JjS ^iLlc 

a j^i»a (jfc SjaJI sJljVI jls JLa- ^jl JC'J ^JJjl l5^I Ji'q'unoll ^Jlc 

^jiiSj . j-ajJI ^ji JL=ojVI jj-^j (_5^ *-Ljy^' j^l Lfc^j r" ' ' r 1 * ' a J 

. j»A j £>jlik.lj 4j j.^yii.ij 4Aoj!>li]lj c-LaiaJl j-a 

109 



J'ula j*jJI J frl JJjl J] JLkJjVI ^jjJj^oJI jx (_>»Jj 



J — ujjj ( jjjLJI (JJa jLjjjS. j> ajt J ji) JaJj ^k<a J jli I-XlJI t - ua jx j 
Jt 1 a^)J A i aLma 4_ii^aLi. jl ^^jjal .^iVI J^aJ jl 4 i£ «aj j^jJaLaJI Jl 

.3 k- ^liLo ji ( J; «" ■ tuall jy* aAa.1 j A&Lj jx SjLjuI 1 pi. ,->j ilil JaSS j t jl_aij*il 

i ail all jl ja-j J^-" ^JauijJI jl ajjaall ai& jji 4 jua-a Aijj (_£- jjJ_a3 Jj-^J 

"Ajj <L ui jll jljj ^-^L L_i tS JubLJI Jl jjj jsJI 11a JLjj] Jjli JLilLj 

.4 > jil'i £,a ^£ilia JJt jA La Jt J > .-it J sjaj .4 i aflj t_ijl£JI ^ Irs"lJ 

tjjjJaLaJl JI ^Idl Jia 1 g jS aJ j-aj Ail eUj Ja»JI JJt j-a 4jl jl 

I^A j«a j£^a jj»"Vl 4-aj j ■ i >il .nil 0*3^ t — J 'jLuil JLujjJ 1 jSi ^ a jj^J LaJjS 

t _ s _ ill Tachyon " jj^LL" ^1 L^lt 4_b_bl jil ^Ut Jt jjjl ^ jill 

ui V jl 1 ja^fr 1 «J In Aalj . c ji >iB 4-C.jj-c jjx _^£l 4^, jjjii JLakjjVl l$j£<a 1 

Ajjlaj jL J (Jj^aill J lllA jJj La£ j .-LJ£ la-La ■ a < jjj1 IjlA j£l j lillj Aj£xj 

4 J-ilc a-iLa j>x j>^V. (jl jj .6 jjLaj j£-aJ V j-aJ>H ^La. tlLa^S "Uun'ill 

jl diljLa. La lilj cj-^l 4x. j^i jjLaJJ Jsj-la. JI j£xj V 

«. ji >ill (JjLs. j£l j . jLuij jLjaJ j-a V Aj JsjI j JSjI g j . au i a j - aluJI 

j S-aj ^ 9 c. j> <c.^)jjo jja J^l Alic-jjjj ^ji ia. j lil tjjALaul J i- aj.^-i'ij 

Jt jju^Uall jl! l-l^A j cjjJa]l ij- 4 ^ 4x.jAj Jj LoJlxj ojUajj 

.f. jjJall Axj La Jj JLaJijVI Jc Jf?>-a j ejJ-IaJI JjLa. jt \it jit i__uLaJI 

L^ili J 1 £Jt_a (J alxUll j__S-aJj ioJj ?>j^a ^ 'JJ"^^ ^ a ^" ' "'*'! S La Ijlj 

^5 II 4 a-La-J jj^'u.i 3 Ji h Jaij ^^£1 j .^^jJaLaJI Jj SjLij JLsjj ^ j i all Ajji 

j « 4 ajss. La la>li .i a (ij S ^ ^ Sj ojl wl J ujluj Vjl . til jL1_a 

j a lIiIj a ^>Jj c J jLaj <tj uo 3 ^A!La tl$j3j 4 Laujxll " djlj jja^Uail " 

c*l Jj ajl iiVI A 4 qj 1 1 ^> II e^A (_Lujlui Ijj3j .^liSI 4 i . iu]L g. ji >ill Atjj^j 

4x.j uj j a I j jj^ U j a. jL-o J A£.^j-u j til 4>L>jl J A£^)aJLa AJjAi all 

.L^ll JjVl SjLS3U ^L-J Jja ^IL^Lu, sjSUI SjUi^l jli ^j^JI 
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^ ia*-a ? fi-i _ja.j-a "dAjjj-'kl In II" a ^jj^J (jV 4-at*JI a^)]^! La 

3 j£aJ 2 i£ l^J j! !Ai Jllall ^ j .S^ja <j-al ja. JjSj ^jl 

lill iA (JJ-l— S Ajl La£ .^11 Ki'iKjh ^ A -~> 1L <a 1 g \» (^^jJaL)^}]! jjjalaJI jj-a) 

4 SI aj ■ J 5 ILaJI si At ^ 3 LS ±XJ LaJ tA-plc aJ-a I £-a Jclijla! LpV jLajJa 

. Jla. AjI ^jJc ajLij Ajl JLjj] ^ Iftx) .Salmi 

<_L_i=JIj «Lpj.}]l (jjikiJI jjli teJ ja.jx JJC. "kljljjja.UaH" ejlA (jl jl ^J^J 

'aj£ Jjaj tiljS-<Oj .^^jJaLall ^1 j . ^il V. JL-uj) ^ Ig^al^AJjgil (j£-aJ (JJ^\ 

Kip (jjJJ ' : >j£ L^J- 2 -^J '(L»J^ (jjA-uill j 1 *^ <jJa3liLal AjLLa jjJalaJ^ jJjLiL 

l_J j ja 9 Al^jua 4_uc! ^ . jJjUUI ^ CjSjJI ajiu 4JLuia ajXajj Thome 

A^aia (JjaJ j-i Jjii (j-aj 4-11 ^ £jla_a]lj (J^JAaI! J!L«j jJjLAJI a.SjLa 

4 oj ^jl - j i .Aj3 JjJ>i]| LgJ LkjLaj j^jlg-ill I Ua SJ IfrfrA Jj3 IjbaiLa - . adjl 

jli 1 ■ Safll aJ Jjli Alia, ^ La£ tJaflS icLui^l Ajiu ^ 'aJlj^U <Jja. 

(jlj .^LilS i^Bj (jc. ^ alia a 4 1 ^ 9 (J^-j ^ : aj 4 ■ ia51 jj all e^A J^- (j^- 4 ^ tj^J 

, ja 4 t . ua \ Jj^ajll ^ iaaj IglxaJ 4i^jlaj lil^j^jll ^ I \nm Lift ej£JI 

^ II I iA - ^ i <adll - ^yjjl a ' ; ua ^j-a Cj^-la ejS (j-a Aj^aSlj AjlSJ (j^a Cliilc. 

~ "' 4jl^j]| ' . ua Jjj^ajil ,j-a e^u JjiilLj i licl Lli ul i " ua j ejSJI aLajl 

4 j j i a ^ CjjJ: a.l ^ ajSJil ^Ji aju^ 'ajj3 !Jj3 ^ y\ -\ i ■ ua ^j-a dij^-la 

^ A ■ ■■ ^-a ejS ~ ^ i *aJ — <a-ilill ajiA J UJJ^ ^ -^J .Aj^sI^II 
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£ <s 4Au j-aj llaLal) 4£jjoLa!i>a — i <£jail 4 uj . n o^jij (.Luij^f AjaAjuax <ijja 

(jl 1 i jjjJJ _J$^a\ jSs 4A£j^a 4 t> s^A j! j«a j»C-Jl cJ^J -^Jy^ o^'j^ 

(jjjlj — 3 jl 9 4 j n> nil Cjljii!ill J^-iaJ La'n^ j .iiLuiLull Ajjli AjlsIj j>a jj£l lilliA 

.S^^ala <fljja j]j jfiJ^ Jc ajjli ^ j i r\\ jl 4-ujjjjjll ^j.n\l 

? JUil *_ l'<o1 wiiS 

j«aj II jfiLui a J jli jj 4 JJJxlI IjllLa ^ J i <nj i ,i ^jJaLall ^jLoJI 

A il h -sV j .4 La J £1 jj^Kn j3) lilli J 4iV ilL ji^Vl Ajlj 

ai A IjSj la jj£j ui liS <Ljiall ftig-J jsu-aVI ULoij <Llia j-a jA-ljj -jl 

. iiLljJj .iLa A^aI jJI 

j£-aJ t-liall i, - ua j^a . Iji£ ji I <J hr. jj^J jV ^/ j-aill J JjjiH 

jlj^yJ! 1: jL^a iui iilliA jjSjjuj <ULaJI J . AaJj ^jj -S^^ja-a !i\lLa jjSi-i jl 

'oj fcJ cdj^Ajj .o^jc- k_jajjU j-aVI 1*1 ^» ,i V j I jjIc 1 laa liiA JjSj j ji\jLala 

jjSj lA-lic t'ba l^ajJ f-ljjil J ijllLiaJ J-ilij dllia j» . /-i^' I dL ajj 

J-aa_ij .Clil^j-a j CIjI AjLoaJI oA4i ejlfrl j^ Us lilljA (j-ul j . ^illa iilliA 

Jj-laJ ^Ijj jl <^aj j*jll jSLilo (jli j-ajll J el Jjll <a_=»l_i Cjl js3 

. .la.1 j jl£-a J 4jl j j-a £t_i-iill j<a 

- — a. ."itj^iiJ (^-*JI Jj J J^ 3 Jl -Aj-^j")! jlml Jl j_£JjJ jJjlibJI li* ^jLa 

^ 2 JajJ^JI j-aj jA ji LS Jo J i <aj J^ Si'ujl ^ijl^] <Lcjj j^ 

*iijl .l^J" jj j ujAjJI j-a jLu^aa ^Ilj* jj^J'" ii3lijlj ^ La all 

' ■ 1 1 1 ia 2 A ac 1 ■ '— c 1 4 Ig i ii Aj^j L^jj a a ijj"^ 1 ]i ^.J^ _^ '-^J^P ' '' at *-l ' b 
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j^Jaj — lj jjj ? 1 — LU^-" — * j. r*>'ir. J^Li 4j^»J j»j Jia >_JjjJa3 
4 'i-s i^i II Ja la. jl pi aj 3 <-^"n ; li&j .oJlaJj 4 ~< j-a Vjllij^g^ <jll±a_ili 

^1 ajj jJSjiu J 1 ±1^£l j^a-klix I J ■ .ale (jli tJllLaJI JjJ ■ a j . t^LujLaj]! 

1 lia*-aj L-lfljJl Jaja. JSjJu ^ 'Cnj^S. Jaa. Jj^ Ja.lj Aiia .He. 

^ 3^ ^j^)iJI .lie <JLj 4 la ilj ^ Jja'i. gxJI J^ia-lil .lie ojjj-o AjjLsjI ^ '<■> ■ * 

4_iSl A II IajA=lJ i a^aJ: jl ^gJtlj v_Sjij <LnLJI 4 la uill aiiSsj ' 

,j£ ^jA-lJI ^ji jadxaJI jjjUIl ^ilJ I ifcj .oJ jaJI Aia.j ■ . CjLII ^Jjl) AjjUkJ^I 

.cLuiVI plij jl -Laia. 
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^ qaJ <3l La jtlJ (jjj :ajJIj11 SJjLJI jjc. 4j]c «• jjJsJI kaLu J 

■4_uSjs 4ajI 4j jj^a j Jjc j tfliA 4 SS uj a 4Laj Y • ) • Jl <_jIa aS\ JjSj 

4jjaj J ja»J i=La>V CjLlJaljjJI ^Uaij J j . JLn3 j s^jLmll .ijljaJI ~ ° ■ taJ j ;4 ■» al >1L 
j»L»U -Ac aJ tlgj ^JjusalijJI jL^aJ^I (jjAjJ (J?**- (jj'^J '^-"^.J 

4 <^l*31 la jiaaJI oUaC-lj CjjjjALaJI i_L)Ua]l (j-a ^^clLoilj t Y • « * 

4__iaIxJI ' " 7- ail J s jjjjj lia-J Jcl j 44_jiaLLa]| (_g jjl 4_jjL> j-a j 4oJjA^JI 

CJ 3 ^ 3 l Liai jll (_>u3j _i& (jlS Jil dlLli '"^jV ; A ■ a^J 4 1-^ ui^Ilj 4_aia-a]l 

.Y O . p lc 3MI al J ^iil 41=^1! 

4 ^ ^ <i 1 1 -v 4 1^*1 ■ " ] ] 1 o \ \ j 1 i >^al ^ j.i <1 \ a .'.' I * * ■ ' ^3 1 "1 ail l 4_jj| — 4 LILui 

at (j jl jj— ^a ;diLaji«»a]l J-^L 4_i^aa]l > ** i^W*i jl iaJ j]j jj-a^U 

."i-L_jjaJI ^ 3 Ulji Jai3 4j^ t^joij jUj^l qa L yiA ? kbJallj S-lj-laJ 4jJ^ 

4 — S 1 & j£j jll 4LaLJl Ja jJaaJl jjC Ig-N./i AjV jALaJl > ■ ill lall Qa jjzA U ajj j 

• <.lj^J! (j-a Cjc.L=k ^3 CjLajia-ail ojlA J j] Laj <jjjul Up) . jll^VI 

kl" jJjLjjjoi jjli t jAlall ^^^JIj 4_ull ''^lu J)J^d (jiaSLuJI l^A 

4 — aisLLajl SjjUI £jla> Qa (jjC JjLa«. (jl 4jjjJa SXa ilo Jjfuj ^''^Jji V j-a 
t- i l j i h V I, "jjjfl CLlLuSLaJl sJiA lJ^J •"4-ajlj 4_jAil 4£^yi." ,jc. llaj 4Jlui!j^ lie- j i la j " ) 
4 — il jj£ ^Ioj jaJ ^^It 44jJjaJl l£axLuJ] j Jj^l jjjliU £-?>JJ 

i^jLu£Laj .L^ja 4a*jJaj Lax JjSl 4 alxla 4«aj]ala (jx f-^^ J jj^aaJl i^ljS^aj V 

dil — «.Lul sjl jiJI ryi ^L-ia Ja3 Lgic ^cjjj La llajlj 4j^.j2Lall ^LajWI A£jaJI 

(jj .^1 Lkjl j\ t_iajj 4jLi. jx^l J=J (Jj-aJ La Lajljj Cll Lja. <ill (j-a OJJC-J 

4 — Ai^LuJ 4 a jiiia ^ AiUail ^aa j^LaS ^aLjj JxLt) ElltrOpy Luj^iajV^ 
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jlj aa JjUl) ^j^iajVl "o^uj (jli Lai) (Ajjlkall dlLa jk-alL 4i£lc LgJ AjjI ja> 

j Saj A^aj j«a jA tJjULa jj-^J <-^-lLajl*-al) J J ' *" > ' s ^ u]^ ^- :i ^ 1 J (<— lLajl»-all 

. jaLJI ^1 jjLll j* ^,,,£.^1 aU^VI ^ SjljaJI JjiJll JjL*_a jjjjbjjaJ! 
a jLcJI jl (j in j jj a jib j*j !l ^ i Jl ajjVI jjfi. jiixjj Ija 

I 14 j aj (dllj ajcJI £ a 1 laLaj Jjl JUJ jlix V J ji^l Ja.Jj ^1 

i_uaa1 lill jl J ij*J sj t ■ LLm II I j (AjuaLII ^^axll ^Uajll L_lls L_jjjJaj 

^JliLia al_nll (jj J j a lill JjV^j a j jaJl ^ — a 1 'nun jjSS/I jjij Lajj ^-iSLill 

ill ^jjj A-allj 4 Jj/il ^ £^>aJ1 J^JA-j 4»in'l jl 1 jjlc. jjfLj LaJ Jj .<J^iil 

1 L-U ■ a V ^JLll a jia-AJ LalUa tLjjLjailjj <Lajla Lg ls^ f.Ljaall <LAij jl 

. jl£-0 V jx jjill ( aaj£ 

— j ejll ^ JUujVLj : L-aLkJl > aSLull k_ila ^ 4 nunll ^JiAa Ja. jj 

j) Jjl a.j ^^jjJaLall) «-^JJ^ V 1 *^ "(*J^ ^— J^J^ 0**^^-? <—*^ La 

Jjj^Ja jc tLjajl ajjl) '"'^ I La j )J*'n bji^a dlujaj JaJimj jj^aVL W La Jj*j 

^ 3 A Jjjjx 4j11S ill (_JLoJ IfrJJt-uIaJ ^jJ^J 4 n » a ■« ^Jlil jaa jl ■Jliljij dlljaJ 

i^l ill - jl . 4_ja.jjll jx Jjil A a^ jl ^jJaluij l^^>a-a <illj& LaJj jilj • jji^ 

.JL^A J)'W liLuLallL I^Ljj J CjI jiiill 

^ a A jl °j°->- )l j a (JjjLiII I ^ i iaj^Sj 4 aj^ • a ^Jajlj oil 4 i Uj oil 

^ aj 1 gAa j la V j_JjVlj ' : U ■ 11 11 jjJ 4 L all jl jll jjij Aj-ajjll Lulja^ 

ocljj u iaj 1 a c j'" ;)l j (^joiljill j Uallall jUjuJI ^JUJ) jli tillj 

1 a J A ^ I] SI ^fi^a J ^-1 j^i ja ill lijjlij-al ^jjLuiall JXj^a-all (JLs-aII 

^ 4 * a al C 
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3 ^ Sk, j 'jjuA\ 4 l " i " il U p^ . >jj JiloJ jJjLlLII oIjLlo Ljiaj LiAj 

■^'^ J C1j laj 4 Lwla <C-j ui 1 gJ 1"'' " 4 1 , n )'l^)Sl 0^)SJ1 i J^JjJal . J^C 4_3La. 

J «j jjiij £3) 4 ^^P- u s * \l.', u " ^ i - J 'j S- 1 ' ^ •i^J^-' *J^f 

2;,,. n jll Sj HI ol ajlj 4 JJ^VI <C-JaJI pill 4_lK V^'V',,, .1 

i_j SO CLiAaj 1 « 4 ijsui j£-aj 4 jli 4 Sj^II jjj jjj! jS iV'i, 

4 £j>JI .j ^Llo J£Ji__j s:i_^o jjjl j all a 1a t ^1 n , nl JfLij ~l \U, ^Vl 

j ! 4 j! la j li &j .4 jjl^ji! a£j^J1 <ulc. j j£j i j Lo jjj&I 4_jj.iLa]| 
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bl .Igjuu aj u & ^ ^ ^jUajLUI sJllI i Jia ^i <jj^I tliAjcl 

J jjjl jLII S^_jU j a jjj > . ' j t- ^i j>l lU^aV! ciii-ia.! SjSJl diLLa 

a 2 < jj (jj II ^1 iaill j & lj__4s j .XLaia J£ LalUa lift iilJj J*il^ L? $i 

Clll jj SI 2 U , „l jjjl JJ , ^ ,\ Cll 1 jla. j S 1 !aLaJ Jj-Vl > "<SnV"i 

jjj__jfLJI ^ AJau^a J J S ^jjII 3 . dll jjjjjjl jl CLilj j j2£J V i I Jla jj^'ljft ji 

■ °j ^ (JlsUajLi__all j__ui aj J la l.ift j jbtill jjij jjJj^ £-a 

- — ftljS 1 $Ia-a J — aj jl J — J Vj I iA (j — jiaij V j^J — JJ jljljSj . jJ-aJ 

J Saj A SLa. jl J j Aj jl £ I j ft j .oJJ a_a j Jft ^ & j£\ j t^l KnKl'i 

j _ s 3 ui I a J J-^^-j 3 J^ajill J Ajfll J jj^J jl bi 4 S / c^ jj3 

b — ia LS — 3 j a£j iijjL^ SI ^1 j nil sllVl a-a <_g 3 jjij M-ll .AjlUI 4 h^SSl 

4 SI u Sc. I lifa jj j iiiJl jli Ija ^ic j . jjL !)UI jft ^^>jjjjLA 

I a jjuj a.1 jl 2 sjl ft j .Ajjill AjjJajlLl JjliMJ Loj3 o^LLa_a ^ift LjjJala jl 

j_l j-» .£jl — Sill j 0 cilb jl I'l ft ^ — Sft jl — ftjll AtaJ J jA 4±aC j£^j 

L^jJa — ju 1 — jljjl! j— a J — ^5^a ^jJI t-jjajj A12 jjJ jjj £_a jjjj£JI ^A^sOi 

Ij jft I jA_ S ^ L*J (S ^11 1 Sjjl £j a j j a-VI j— a I IjjS jj£j jl AjLiL 

.o^Aa^a <SU. AjI ^ dj ^ bta ^11 J jii jl l^jjl j r.'.Sft 

AjjAjaJI Jj^sVI j-a jA ^£Jl lajjlSj^a ^ jjij iUI jl jjxJuS^a j jJjb jjall j 
i^^aJ t— il al£jj . jxVl-J A^ixlall kLlULajLll J j>'i'ill 7 jft CaaJ j l _>^lj 4jui±lall ^ 
b — j . J — jtilLl ^jl . (-Till £JJJ t5 ia. 4^Si,m,,' (jjjia ^1 V jjjjSJVI ^.'lr»»i 

jj J J^jJI ^ a ^^L^a H3I jL ^IxJI (jjjajl j^a 1 a>jai ■ g J jail «.IL ^a 

a-VI — * J Ja3 ku±A\ <S^IkJI jli 1 jjjlSjlV! jLo* ^i liljaJl >.ii»"„) 

. U li ,' a JiAa-a j^L. jj j'l*SjS^Ll ^jlgjllj ^Ltall jl t.iaSI jV ^ i ll ' ■ aj <jJaalc. 
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#.1 — jjjiJt 3 ^ ^jj^J ^Ul '■A'"'*' 1 CS"^ Lff^ ^ <iajjan]l CllLaJiL gull Cliuulj 
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, "Nl ^ ^ < 1 aj3 1 laLaj A jla. j >Jalj ^)JJ*J tdlj ^ j'ni ) ^Ul j 

jj Slfl 1 la^a ajJilaJI <J _S Lai -<JJ^I jj- 2 >^»Li*J! J -^J^ 1 

I (;'iKm (Jliljijl j jj^J lu oj ±j£i\\ Jill ^j^-SS (j^^j La-jjc-j .o^a. Jll Ail i i i al l 

4jL«a_iLa J oLSiLa lIlui jl jji^a—SI 1 laic l _ s _i Jjl 1 -sVI Ijlj 

S;;;-" S I klllj aill jl illl j—iliSI illlj jiu 5 ^jj t j— J^l J 5 ajdjll j > ■ n.nSL] 

(jLi_j j J^ a "'^ (J Jjla till iA .AjI j j-ajSI Jlajj^l ill! > iafll joj Ailaiall 

11 jj j j^jI V I (jj j£ ^ all *JI :Cjlj_LUtJ ja£j 4-iaSJI a jV a ,' 

(jl allc 4 aJ 4 jl . JLaJi SI jl (jjajll sjLuia ^j^ajj Lali (jjJJJJJ a-llajL^aJ 

j a j ^ Sc.j .(jj—ajil j a.lj t jLui jIS jjj J^yi ajs vil^ai ^2klj : jjl j£ ^ ^ 

1— gJ jj£j i j tajJ SI jjJ i-lll jj jaJL 4.i^ili>, jl Ajjj AilaC- jli 4_ia_aA£ jj£I 

j J j^c. - "' j aj 4£LjL_!ij]l (j— a *^ ^■^ c- LaJjj 'S-^J^C A 1 aja a ^cjlli 

j^a j*J JjJ a*J jl j SLaJ I J til 2jll flax a Luj^ <UiajjJta aL-IiSI jlj^VI 

jt 1 jJjl 1 a Ijj I jjic Ijjoi aj SJ s^A A±a£SI <±nSU !1SI ASLuia jjj 

(jj SS\ £ a laL Jl j ft 4 jS a oSI (jljSVI (j-a ^1 Urn a Aila. ^ (JLuU 

A_jjjL ^ SI A KJjla oJ <b jl jl jQc.1 j La^Ls i_Sj*j jl ^jLdjuij j] ? ^jiatsSI 

Sjaa J a.1 j ail <*- (_j j uj liSLiA (_>*iS 4jl j_jxJajjij (jjLiSI ^Joai a j^ij tAia£SI 

jj I ^ jgj j]l JJi_i ^1 j_C (_5 j — ui jLaJ V IfrJ JLLaSI ^ J*^ Lai 

. 1 ^'qq-s'"' lj ja S oJ) cl j '"'*yi ja ^ j a-a jl ^uaaoJl ^J^S ^aLWa - j^-c Ljli] 

i a SI JaJjSl j j 1*JJ I aJ2 3 LaC A SS ui a 3 aJ3 ^lSj_S j^j^I jl£ La Ijlj 

al jll ^j-ajoi J 1 a jj Jj f SA\ CLl'VI a^a Ajlj g a Lj ^ill J^jijSI ju ^cUll jl 
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jl j — sS/l jj j -^>J1 — j pi — jc (jliSl i_5Ua (j-iils jJI ^ j 

A SJjia JjJa si jl jjJ £uij jjjjl jjjjiil j a ^1 iia C t£]liA .SJjJjII 

j a a LjJI j! fti * j — o ^£ ji j^J&Li ^ aKAJI j-a jia^U 

4 C5 J — k — '1 •UiJ — =^'1 J — 4 " J^* '- a J — ^ L a 

2 iS^JI ^31 j *1\ j a j jjc J j\ JULuVL ^Uali AA,La> ^Ua Limjli 

aj A> y a j . J j a. j-o 4i^<ill 4_La£]l ^ J£ jV j 

5 jjl jl« V ^Ij—t ^1 ISj-iKjo Ul j£ ^jS ojjjLLJI ,J1 j*J1 

.1 « jl pjl C. ^ 3 j gJoJ jl J LaJJ 4 '^aa 4j!a£ JjljJ j« LgJ La £a 

i ■ L-jl^jj 4_i3 ^ l j^j£ k_11jA jj£jj»o 

jj t^jj^ (jjyjj il ^ j5 Jii-j >J uj^ ^iiljA jjfLixjj iljiLi. <iljjc. 

— £x ( _ £ — 3 till iA jjfL ui j^A-J pile J£ j .Ij&A j t^uaj^l 4_i3 jjjjl 

JJ j JC. pA JJ c 4 ajj . ^Ajjljia JjSI Lgjl LaJlia^ LiLojj 1 jjl i iaS 

1 g_La J__£ d — La LLjuj j lg_s jj£j vJj^j JjSVI sJA j* ZilliOHS 

aJ a,j j & 4 IS 1 1) j jl 4 j£ i n j ^J II 1 g-aJlc. jl AwsJLc ji ^^jjijj 1 J \jj « 
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Jjjl laJI i. j a j-°j^ ^ JLaJjjV CiLiaaljj Ja. aAaCj 

fit 

Jl—iiJI l^a^J >J 1 alL (jjJI jll J 4_LrsJ ^ ilul£ a Ufl ^j La£ 

^ — 9 — jj Laj ic (j-aj 5' jsL-j a jl ^ J i «a^Jj 4jj^1_ujVS sjSallj . ^^^aLi-SI 

j^^ 1 ji^-^j^ 31 Uri— ? U-^J • J— J* U^JS c^) UJ^ 11 j^ (^J^ 1 

7t — jajl (_$j_J David Deutsch — ^ j$*S1 Via J" uj^j^ 

^ JS*S j J a_j ^ SJI 1 <ljiKjfl\ jjjoi-Jj jl J—jjbS jl j_£YI J^*J (jl 

(4 «1 J_J;li AjJa-Jljla ^ 1J X a J lajl j . j*j — SI ^ JUjjVI >— iL^aaLila 

C_ll SjjI 4 SjIc ^ Sc. J L\j ^ JaLall ^ Sj s—lAJ j-O 3 ' jSL-uxs jl (jlajjilj 

? ^1 ^1 j— £lj • f^' ^ ^ <_>^ S 4 SUJI ajiA ^ . JjiSI 4-<ujs. 

4 jjl ji&ll 4 iaSJI ^il j *JI 4-Ojjij ^ij .4-ijl jilall (JjjlisJI j^s jAJLaSlj 

• 4_ui all ji—S lj aj jl £j lIi jl viLailc. JlaJ 1 ailj <_£ jl ^aJltS ^ i al *H JJJJU 

- — ajj t jj-al laj jl jiiCj <^?-« ^5 SI 4 — S_\q^> SI ^ . i i't j Jjill <J«J5 jli £Sl jll 

- — a^jj jjijl S-aVI ^ .4 — J^. ell — jL ls j\\ £-a J^^J tolijlall j»Vlj Jji*^; 

1 a £_>-3 J\ C) ' ^ -CS J^^' J 3 ' ti-^' <^ ^.1I> Ui?. 

j SJ tj-al J£j^ J 1 Jjli iil uiLala jj^u,. ^IliJaJ ii^Xill Jla) ^JuLlJI ^ 

^1 laill 1 &jliic.l — 9 j jV ^tliJ jl 4illi^Jl ^jjiJl jAJ JcliiJI 4 j i u>i 

t!Lj — 1 jj — jl iil iS-aJ (jjJ JjJ j»l kj J!)< i. jp> .^^LajJI J ■ "1 ■ luli t^U"^' 

- 0 J_jLaJ1 j_jC. Sj-^JI SijVlj O-j- 31 iJ J^jVI J 4£*£ 

.^jAJa_aJ LaA^)l£ jl a " i - 1 

4 — iaSUI 4 — jjjjtjlL ^jjx^a — j]l — 3 4 JC-J^I Jj^. jj-ajuiila cLalaJI jSJj 

jjl a=J jl j^; II .o-^ 1 a JL-^ijVl CjLbflljji Ja£ jl jSSU 

j «j 4 jiojSI ^jl j Mil jl « j * 111 ^jl jiftJI 

»jj ■Itfl jlj_ SVI J-^jjb ^ J IwVnl ftij^j .La^jL jib Vl J^aVI 
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CjIj Sj £fi jl aj 1 <&. .^a£Jl (_g jlm^l .^Jc J^a-J jl i ■ la ] <jjljjja]l 

1 gjLfSa — 9 J aaJ 'c>0 ^ J^jVl dja. jjJJ (Jill Jl tllljflUI jl 

Sj ^ lia. l^J- 1 ^ J^ ^"^^ o- 2 ^ ^ a ^»'' ^31 SjAUa - la i <aj jl ^ijjjj jJJU 

^ IS 4__lo£JI A LiaJI A al i >■] i_j iaJj I jj£ aj V j^j i4_Lajj]l *1 ;^ W ' " >yi ^ ^ 

• t> jll ^ J^ jVI AjI > 

VI ^ — J*JI Jl — jaJI ^g— a ^ °W^£ ^ JUojVI jiu 

^ — 9 1 — Jjjp. j «£j aJ£jj *Jtj -(jJJJ^ U— ■* ^ JJ -0 Sj^aJI jl 

^ Sj A3\ «-2aVlj t(J ^UiS jLoi II AjittC. Igltij jl l^ilkj jjjll ll)L oSS Hi! Sj3j 

jjjl j t _ 5 Sc S H, „ jt ^ j a jl| * <j j]| ^ujjuj SI dil j sail jl Cil^juJI jl 

Jixj — ui 1 J*-3lj — rP^ji 3 ^J* J J 3j ^Ljja ^UajAj AaJuI jAij c j«a]l 

jj — J l-S — a.lj £t-£j — & (jSJJ — ui jl — £j • jj-°j ^-Sl c-IAjV 4_ljLa-a AjV ^^P* j* 

j — a 1 jl A — JJjjJI — II j! ^ — a jC I JJJC jjjjl (jjjjJaill 

3 jLaa. ^ 3 J lal 1 l*la. £J_ £1 JL_3j .JSI V <J-«Mc.j AjLaC jxjll (Jj^T 

jl J Jj — i: — i<s ilAallajb^a a ^ — 3 j — & Si j t c _La^Sl JxA luII l^iflaJ 

^ L^aLaSI LS Sj jiui — SI jjJ Jj — (jj SI (jjl xJ! jjAj a jSj Lo Uajlj AjuuLlI 

.jA ojiuu Aa. ^ic ' jja. Llal jj^SI J*^-j" j_£^l J lij-o_j 

j — «j 4 Si «.! ij di S jla. I jc ^sJliLa ojl • iaa La Ijj ? jjj 1 ka Si jjl 

SjAl—la 4 jplaJl Cjljl_Ja a jl ■ - >1 "X^^ll j a "a^Jij ? (3*i J'vl-i (ja 

A 'i^fio 4_uLii SI 4 jl Sail jl j & j ( _ s -lc ejiajLuJI jl JgjAaa] A^lj <.^ijj 

1 &jj^Ja £ — 3 jj A — a.jj 4 4 — Jjlc j jt LllUajLjj a j\ iJLiaJj LuL) jj3 

2 — SI jl — =JV 4 — aj!l!l S jSS — jj ijjxj <SV jil ^U^ (jl jl ^-ij-iJI (3*131 Jkb 

Jjl ucljjl j Ij ft . j aVl Ij & C- 5 ^ AjSjJI cLuii^l ^jiu Laiij -(j-aj 

123 



A^J^La A&2^aj \ g ilia jj J^S-aJ 4_ijjLaJI Clll-lLja-a /jl /ij ajja^jl <j\ 

^JjJ Ji (Jj kilt jl 3kJ3kY ^Jjl ^ 4_plc. ajLo ^1 £ja jjclajj Uuj ^JjJil! 



ft 



^ ^J^jjl oLlljV JJ'^ 
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(jjj Si a\cj uj ^ S ^ a£ll g-lj ail liljLu JjistjJ Ajjjo-a <La!jj 

A K vii ail a J 4s j Sjjj jl J — laljj . jaj — Si C±f\ ja j=J\ ^ jj jl ^JjAll 

■ "■ 1 SUA , _j ^ j3I jl S a jil A 3 la j a jjj JaJ^l ^JC ■ " ' j! j£-aj Laj3 

jjS.tL.'L.,.^ J JC- Jjq"u.i ailj ^ JaLaS! .Jli — J2». ^jl jlSI jl SLaJ>SI juj 4-ilajll 

t> j * JJ ^ J "jJI Lull i3— ^ : J .fo^ . aH Ji? <$^.I_4aSI ^^C. ^UaJJ 

jl j L-alix31 xj W't L u j jj ja. jl La jll j a AiLLia ^ J _42tJul , . llS-m o JpSl\ 

Clll jjjjill 4 SLi. j-ajJa JJ Ij Aj .1 'SiW- 1 V ^ J.'. 1 "' ^-llila. <_9 JJ-^J JJ-^ 

1 g J Sj Sj a J £ ( _ s a a jli ?eja ^3 J jLj .^-a^SI ^IjaJI AjjjjiiSl 

2 aUaiJ litL^a—a lillj j jj i j-aj SI ^ 9 2 JJJ-^' 4 ^ j^j jj — jjall 

Lull ^^Sl L_ aK a_J\ j ^JabjJI ^LL^ilj /^jalir 



(j SAj 1 jjjij ' jjl 5 a.j^S 5 jjj^SjII j jj jail ^jI jjj J-ol j LaK L5 la jll 

a "ikll I Jj ' d£ Jj&l vilSj j* LaKj tAjjj>J) aILJI 

. o jJa^Jl o jIjV 1 aHa ^Jj taj 

J la 3 J-aSU! j i a'l '» SI >iS_J uj ^ 9 5 jjjjaII 4 jjjij ^ 11 J j =>. jjj 

Aj j. j]l j—J^iSI JJ a-a J . J a. Jaj a-a£ J a*J V j_ sS/l lift jli tCjlj jj jail 

1 Ui__La . j j jit ; jJ l-jj CjU jj jiSI i alS, ^ jjj,. 'SI V<il%ll ( _3^1c-Ij 

^JJ— j31 1 ai£ 3 SUaJI j a J-^j^SI J J— J_>aJI jua tAliAl ^Jc i<S jjS (Jjjljj La 

^ a jjjU> Jl a^a ^— Sjj I ajj SiLLil .^iSI (_pLLj v il Ija j -tjaVl 

1 IjS? "I ajj" Jll la j_3 j .j>aj SI <Sl «.! laJ^I lj_A ^a UaJaa^a jlivajSI ^"^J 

J a j j'i-s ) jl ^jj xjS 4 J-a£S! A JJ^LtJI J — C Ajil£ OJJA. <J^=ij j*J t^Laj V 

lj £Aj .^_Sj kill SJjjJi SI <_i jj_kSI oj & Jk Hx9 C-IJ^J >_S jj-j La l§J!!iU. 

a,Jjlaj 4 uj "^lla ^ jx 2 akJ Jj>— j ^ ^S-^SI AjL^iLa j ^-a^ll pljill jli 

<* iila SI Jj j ( a 3 ^_jl jjUI liA 4j1j£ Jll3j .<Lajjoia^a > " h nil JjVl ^^J^. l^iSlj 

j a 4 Jliul 4_iiala ^ 3 ( _ s lajSI J- Lull lAj3jJ ^1 SjLaiJI ja <Lall jl 

.jj^kVI jaS-*l 4^.jjia 4_uu_jj jjC. jl A ) a i .i j J_lLa_ala-a 4 IflA j 4_blil jjiall 
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>yi utfir AUJJ riuj 

J Si j . -Ijav jll jjj! 4_j£l (jx jll <W jLiaiall ( ->j « . .-nil jA <_£ J j.lJI (Jiill jUaJ 

Godel j-^. j Stockum j»j£ ji_« jli _1 jIlJ jL«J! J] J«ilL cj jA\ 

Jjl jjj ol J?-l j^jH ^ LaLaj i__aljix ^IjjsI <LaJj ."AjSUlIaSI ojLall" jLij 

oLbo. — J A^ljis^l jaI jaJ ^Jc ^jL tj. Richard Gott III ciiO cjja. 
i_sj-^j t-s £la JjjL Jai ja <jj_£II jjjII .Cosmic Strings "ajjjSII j^j^ 1 " 

ojSII jjj J-^Llj Laj (jjj l-$jx 1-iaJj IjlajLS jl j^Ja cAJjSJI (jx *-">lj J^S 
ajlj — a. jjo t"iKi""i Lajj jljjVl (jl jlj£S/l c-Lalc. j^a*J -^JXJj .■"UiiajVI 

1 g , oLual ccLjaill ^ AiLLlt Cjj^ujI 1 »m big bang "jjjSII jL>AjVI" 

.t_£Lk!iU IgUb l(S)lr. 1 feU'o i"n5.'j t^_jjjljVl o^A (Jib 

j — SI j JjaJI 2 — jjjill 0 A all ^ Ic AxjIJ (jjSjjoi Ajj j£11 jtjjVI si* 

j aJlj - La ■ a II j-j 5 SILL <al*la SJlLall L*Hj Jxj>j jjjdl La 4jUJ ejiA ^ 

2 Jjl-nl 1 ftjL j alj c4 ^bJl jjL-a a j a jA La 1 tall jl JaOli J LutJjL 

b 3 .LLb i 2 JjilaJl ^ 4* [j 11 La ■ all jli 4 u.njjl ^fl 4L0UJI jj1"i *nj 

A — jjLJ S j_ill ^ — i 5 — iUall jj jl j laJ lai^all jli MjU jlS La 

jl Jj-Jj jL_£ j_^bj t \l] m. j !lljl & jj£j ^JjSjJJ Jib . La - J ail jl jxVI j 

.Jj — Lj ( C5 -J — uo -Li kJa) jjj jll jli ti_J.la>j Lt , >ill jVj • JJ jJ "ULa. ^ JJJ^I 

l— ij iii jjj III j a ^a»l ill 4 — JjjUJI JlL-b a jli jj jll j-a - 13J uia £_LLa ^j 

Jjj J j — 1 jj j II jl A ajinil j iA aUall AJjS jx 4_a2k.U3l AjjjUJI LaJj all : ^^iL 

.4-ai-Jall AjIjS jx j»C-jll LS ^. t<Lo Ajjjall ^LuaVI A-jjL> 0 jSj 

4 A La i-jJjall J jl S-all A ljUA j a j jiu jUaJ jjjll jli tiilli ^-aj 

jj II AJaj liS/L jyj *ll ^ J axil <_£■« l- : y^ AjbjLa j ojj-ax AijjiaJj 

j gi ioj a A 1 j^. j^aal J— II 4J Jj 1 a bli jjLa Jjl JlJC 4j jik j-aijii 

til — lj j a Jj .(2 — =ljJ ri . ) 4_Ll£ 4il 4^ J ja, jb j j<j 1 a Lj - al l ; 
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jj-aalj_Ji jl a t^J^ll Jjj^l jA J^aaJl IjA jl£ jl 

^ ui^j ?>J-^ ^ ' N (j C J 1) La Jj3 Lj-Lo I.1j Jill 4_laiill Jj ojjoilxa 

Lj-a — uJjj ^ — jJI tiJ — L£ 1 — jljj £■ — Jj' J& ^jiaJ ijis Jj£H JJjJI J_p- a Jl-i 

.S Jc. 

(j a 4 Lis ^1 j_Ji ajh ^ j_£]l Jj — II 4\n* J ^iil ^j' (J- 3 ^ 1 

(j a (Tjj 3 -a j — ^a-o jl — ^1 <_g S] -^J — Sj lillj £-aj t^Ajjl jll JJ^) (_>"_^ 

£j| jj j 1) j ic al_laj jjc. J £ aJ j3 jjll 4-aJiluiJI Ajjl^lall JajJaa II 

4_ijj Ja 4j« ^1 J_laJ Ja j LaJ ftj ft CA£. Ijli . j-a^l AjLp J jL*ajL l-i 

fc. Q CJI jl_a Sjju 

jj — Jj 1 a$jjJ lij — jl £ jjjJI jl La£ La$-La ^1 j>a 

(jj laJ 1 ^ ala. jj La£ i jJjSIflll -lie 4J3JJJLA 4jkjjj-all 'ejjir~ill 

. JxAlL eJ J*-J* <jj J^ll jLjS/l (jl Jc- ,*Jali JJj 4-aJ (_uJ j^J ^-^l' 

lIjj a. j\ Jil J 3j .ill! JjjJI j— -° AaJ^a liLigi sillj jjx Jc-J 

al laj j ij i 1 ^ » . ^ j]|j j aAj Ajxj j-lk-a-a j^ <Lajl_a]l Cllljjj^jill (jl 

lj jj_ail lai: ( _ s II (_L^j jV ^rll^J V tUJjlajj jl ^-aAJJ ^ JJJ^ -iic 

S jja 1- ■ -- a j jc. ia a«!iL<Jlj j^a Jl jl£ La lil tdSjJI ^juflj J JJjil 

Ac jjoi j 'vLajj a J) i ka 3 jjl L£-ax jjSjjoi3 tiiUil 4 aJllSj .4 j un'l A^ja^ 

4 Lakll (_L^a J jl jjj__ll j— -a J a^lj i_J jLa^ jj c jj-iall <Cjjui j-a 4jj^)3 

t lj a* (j— a ^il i ^aJ j lilljj . ja.VI ■ ■ ulaJI j^i 'LajliJI djL jj jill JjS ^aaJjjl 

LllL-ia ;\' 4 i^aLaJI <c jxn II ^ 3 ^^iuJI 4_Uuj ^jLi. jjj^J"' (jLjasJI j)jl£il jl 

^ 3 5 SLaJI I <& LaLaJ ( r L aflll jjc. !>L)Aj LlJ^ia sii-L <lLLla]l s jjJall 

^ 3 Jl a. Jill jl ^j_jL Jl jjjill Jj aJI jl flUJI ojiAj .^JjJl JjJiil 

Cj j a j)Aj J J 3j .Uia jl 4 jj j£]l jl jjVI al ^VuuL LS-a-a jj^J ^3 

jjj cLila jl ^J^JJ A jjljJ-aJI 4 — jj_a£JI jl — JjV' j-a jjjjl jl jj 4jl LjJaLjj 
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1 g-La ^ ,; Loj > i) I A aiala jb ^.jj i a _a*j 3 £ ji ^all <c jj-u ja 1.1a. 4-JJJ3 <C^)a^j 

Sj— S3 J ajj J^ a. jo jojjl ^3 pi JUjjVI ^jLjaill jjl£]l 

b J..C "i 4 W '1 — ^ a£ - vjj — *J' ' . '* ' ^ j- 0 '-^ ^J-?- 

A ijL\j M SI ^LaJSJ i ajl jl J jVl jl J 1« .4 J->Ljjj3 A^Jajl ^Jb dl jSjlSI jo 

isAj g-o 'o-ijj a-a LS Si j jjj — SI Jj illi slaJI I ojjJ ft jj •> J*a JJC- Jj-iaJ' 

j! l—SjJ I gJ&jj .^—xLaj L-jYV ' gJjaj J— >jSjJI Jib jLjfrjVlj 

- J — ?-» L>^J * LS * J^'*" M ^-^J^ J 4> O 0 ^ 1 ^ J*-^ 

jl £j_ Is! A_i2 j-aj>— 3! — 2 JLajjVI juij 

— iu Li — jl i_i jj £j j3 jjil! j! ^1 \'jiLa tbaJ j jj£j Ltuj <K jj£ll 

b lojl i_J Ja> (j 4 t^JjMQ J jl yj^y 'fl jl j-aj^ (_j3 jSLuiaII j! 

joj — 11 ^ — a b — jLc !L jl jj SI] j S^oj Ij>£a tLpjJIj ^_u-aj jl <^*aj jJlj 

_wax C. jAj-o <J a.LaJI j J J J - Jla. Jt±^ jb>2^ ^> J£ - J » A-^j 1-4 J^a 

^jl «^aJ! j a ^ i*-4Jj ^ SJJ^I »- — .fJ- — 9jl j^J^' 0*° ^lS^ ^ 0^ 

.^aLJ ^ LjjLp A^jihi J*J,\ j\j L _ r ii. Jjc».yl jj£JI jjSj-u: 

» a l^o L-jjjj J J_i . T JL_£. 

4 iSjuia]! JjI s». jjLall ( i hi <i j . j» j__SI ^ IV A dil aJAi a j3) 

j — 1 1 «S 4 jl SuajJi US" j '^JalSI" AjLaju La ■Aj^.jaj A \ i a v_jIc j - a j-aJL 

^ 3 v_Jj — SJ J a*J 4 — jil£jS 'kcjyji SLj Ijxalcj SjUJ! (Jjja "!MjLSi U-ai« liJliA jl 

iJ Sj a Lafra^ S - J3U ^j lilljA j^Jl ^Jj pi jjjl ^it Ij^lSj ^Ljaill 

> jU^j J 1 gjli J_>ol£]lj Aj&ljJa i-al ■ . ull ■■■ v /l a^A jl _jJ j < t alia a ^J j-aj 

<Lj 5 Jjbjjill jul — jill i_sUi jSV jl ilil Jjl wjS ^jioj 4 >JljljLLo jJl 
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^ijju jiui j«>)i 

jiaAJS all Jaj^ll jj :j jaj II u S JlajjVI jJJ Sala 11 k-_ia.ja V 

^j — Sj jj KlXjl (j aj J — lo . VI JJ — 11 j-aj — 51 sJj — C." jAj VI (^-olj- 3 iJ^A 1 

jj 11 jaj II 6J j c" aj £Aj k_ij_»J LajS ^£Lotj JLaC-L ?.LalxJI j <L^!iUll 

tL_il jj^a II I 3 ijl Ajaui J aj A jl ^ 11 JJjAj J -"(j 1 ''^H alaJiVI J 

CjJ ajj jl A !5j j j&Vl j a j . jl la ^1 Jl ^jaJ V <juij j-ajll jl U1LL 

jjj J I aS . j*j 11 (j-uJ £xll si aj^l J cljjll -2 J*J AjjUjJS *LaJajl j£ 

j ^j aj jl *\ ail J A ? I Ad) CjAa.) jl j£-aJ Ja . ^ > n^o ja_i Jc UaLa 

? J jVl -Gila- Jl a jjui JIxj J^nll -2 J*J J Jill 4-a3 

ja Alu:J <la.l jj ja^a j 1 Ai^a la j-lL-a Jjaj tU& <lja. jjAj Lac. "aj£s3 AaAlil 

£ ej 1 g i >\ *J <LajL gu a AjjIjJaC AiljIaJ l§-tia« J Jja. ^il^JJ jlill ClAjjja. 

jl£jl .laj J Aiaa.1 jj JiS La A Vi^>I J lAjt-fijaJI aAA jl Jf^Jj . (jj-lL^all iajlja. 
jl Cjjuo 4x.jLuj2all Cjl Jjja-ll jV Jjla J^ l t j ^J-^ ^ - jj jj i all 

j_£ j ^_a ^1 j_lll j* Ua Jl&Vlj . c Llall £1 jill JJC a ji il l la j -"3 " ■ I a 

" jaj 11 La^joj" Lil ^SLi jjAL^all c.L_iaS ^3 ^jl j >ht-1) jl ."'"ViVI <lLa. Jl j V< . all 

J ClVllijVI a^A jJ-a Jja. jj II* Jtii'.,. Jl j , ^1 Jl jjj jjoajll J JC-LujJ ^jll 

jaj 31 aj j— c j .4j (jji ol .jja. j alaJjl Al jajll ju ^LilajVI 1 h)tm Ulja. JLtll 

AjtSJllall jlill Cljl_ijj\aJ ^unoll jLJiiHiV I Jila ^ j a cljjiL: jjl ^jl*"'' jj-u .^1 jjll 
JailL jA ? (jji^ajll JaL jl «. t _ s _ i *iil IJlA joa Ji*J jA .jjAu^all jlSjl AvI j-a 
Aloj^ jl ^3 JJJ jl j»l jaSI jl <;LLill ja JJjia jj*-a CllSj J*J jLouVI (J^J .i-^lli^ 

jl £jl Jl aj jLc 1 (g i ii ,q'i j^j LaJj Llul j^ic. A£jaAall 4jjlill CLlLujaJI ja 

dl lj (^ Ifc AlAjjll jSLa-all ja ^Ijll Jj .'CliwJ <3JU taS tl^-iJa*j £_a JjjAi^all 

."ajjSla CjVlaJI ajlA Jla jLjj . 1 J i ^-iLj 
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a 8 Kll ^ — 3] -i j *j dil — JjJ>=kJI U— 4 (j J- 0 ' ^j] 

jl «4^j3 *1 =>j1 i_y — jl (j £-«J flj uiL jj SJI jl j c LaLaj ( all^jj 

J £ ^-C-J-" 1 — J J — JjS/l 1 g-^J 31 S^j «JI jiLlwSfl (j* ^Ijaj jUaoj^l 

jj ^JJ j « J J^l ( _ 5 lc — laj A jjlc. 43 JC. . jo)1\j Jaij^-o j» .VlC 

J «C U « Ic-Ljj — jl j — il£t 1 — j3j jJjiiuiJ jl jS-aJ *lj$JI j* (jj^J 

jj*}— I 1^ Sa j iA SjiJt jl — Sjl J aL \ — a (jaj J «.! j$JI Juiaj J-aj^ 

II j w Sc. ji a j jr. si 2»i t«Liflj ^ jV (3^3 jcij La iilL\A 

4 SlLaJ «j (jl jj £JI )*n i o j tlji A-aJI '"' ±a j— a tl «'m 4j| li& 4 j'n j 

jl 5 jlilJ 1 jl ajl *I1 (jjl 9 ujftj>" a 4 ^ « « J c. J ailj t^ii Jl 

c.1 L J — =Jj A Ajli "i^alj a lill jA j £j jj La e J-aJI i&Lja. J lift JiLa i^J^au 

.ji.nl 'it II j<a (J^ u u^all al jfi'S <i jJJ jj^JI 

j_3J ui Sj-aljj^il jLa lilljA j_a^j Lajj ■Ou I jjoi-la jjJjLj^iaJI (_pa«_ij 

4 jLgj J jj^JI ij^ CS^J 'UJ^ SLuiil u \i a3l Jajj*i3l j^klj L^ja "j; 

Ij] La <_S j*i V Luj jaJj . JjAII jL>i£U JjVI CllLLjLlaiJ SJjJI ^aVl 
^ .. i^tI I oLaiU l^ijjja ^aol *jLj-aJ ^>J (jj^ll ^ j ^1 itJI ^jjLjo 

2 jjjkll 5JUJI sl_A tlljl S I jjj ," < _ ff AiaLa" 4JLs. lilJii Al^La 4 La La jj djjJI Jj 

Jll ^jjkiaLaJI Jj (j-oj' J jiuill ^jj jC. -laJli^a j jSj > a Lpli I^Vh n SjLllI jl 

c.Lij| Sjilcj J*j L>*3^ • t _s^Lu:l _a^j Jcj k_Aj£il li* jic l^LiaLj 

aJaii — {\ jj£l^ cl J_j]l J) £^JJ ^J'-" UJ^' ij^ l^j J -^jLj (_yaJ j t^jjJaLall 
f, jjJal\ ^aioj j»j^_illj u t\\\\ jjSJI S^JC '' jaJLld" jlj till^S <jjjj!uil AiLajVI 

v _ 3 lc- jj — £j ji LuJ (_>aaJI J)^'^>*J LiJjac jV tdjIjUJI c.IjjjuJ1 t_j jaiiil Cliajj j 

Jj j-a_3^' ^ ^J*-} *■ "l. 1 ^ UJ^ J S^ 3 ^ (j^ jl > aoa Lj .Ljajl ^ u)*S»_ll jaxJI (J^ij 
. j^f'l 4 Vi^>lij 4jS LiaJ ,_^iJI jj£il J *LaJ! jC- t aluaJj j] t__a jjj «■! j^all 
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2 t^Litlf 



I jlj £j j a!il I aJ <_g JaLall jj £11 Jlj Sa 4_±k-a — i. Lj^ajl J ^g-al*!! JljsJ 

(till JjVLj 1 jLpj L-L-a n) a laxi jaj (jc. jij la£ . jLull dllj ^ IX-al jla 

£. Sj 1 g_jl j J jj ^ jll A jjLlaLall r -<1 . vSI Ti\l j tjjjajjl AjiJjja Jj^k. AiuiXall (jjJ 

f.\ LacL jj a'jia "ll pi aI*JI ^ a j aa liilj £-aj .^^IaII J] JU^jVI jja. 

Jl a-<s ^ a till — SkjJl j — px^ jVlj . I 'jikjA ( _ s ia. ojilj ojjj jl Iklal ^j^aj-all 

£ aia-a ^ 3 — ^ A&U — ^ j — « lp j — =». £cj — ua\ 4jl j-ajll ^ (JLaJj^l 

4 jaJ) ^j^ all J ^aVI jj— a JS "ill i ; i jj*ll JU^JI jl (=A jll 

• SjI all 3 =k.J=»-ll J 4 JJJ*H di^^.n jllj 3 — JJjSlI A^j^JIj c<JJjjll jjLill 

dll jjljyxj jj ^'H 3j « 4 jjaail La \ya jii (jl (jjaj'W ail cLalail i_Sj£ 

? AiljJI jl (jJjaJI £ j*ia j-all lift Jla j^Jc ^jLaul 

pi alftJI ^_pa — XJ jlj 4 4 xiall j— <« I — C-jj 4 jl jl £Ljl -Loj (jjul ^jjalL 

— jLi. ^Jaill j dll iA (j £ij .4 jlac. oIjLlo 4j| L5 1c j.^ijaII ^jjlolxlj 

p ^ o di_aj Thought experiment Sj_ Sail jLu»J" 

^ a j gJaj jjl (j SL<u jjjliijjj £ pLaLtll ^X^] ^gk ^ jSJj .Aj^Ltll lIjIjLuJI jjx 

LkJjj ^ SI o^jLj II dil JjJaill £ 2j 4-s».j^1 p ( _ 5 ->j <jl ^jic. Lj CjSj 

(j?! j — c. — Li_ill jl j — aJk j — A> b — £J jaUall (jx ^jiajillj .^5 j. ^aflll <A2kjL=JI 

* ... e . 

j La lilli oj iill jl JJ».lj .5 JJ^ll 3 ^ ^Lala J JC. jl ^jikla ^SSj 
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1 <^ .oJl jjia s^aSl i ■ njm "^Lm Ja jLjj jjj^j" ^"'''"'"'^ j-a J.!^ ? 

LS — 3 1 — jc^jt IjjJ "oj — £all jl — JuiV i_i x-1 ^ .oLnll jjail CiliLj!£/Lj 

^j^^ j Schrodinger S a jj$ £ 11 "2 kill" 4>>> aliLa JU_« 

(3_La A_a 2 jiaill Jl ^« ^ ^jSjJI jli tj-aS/l 4iiaa> .^1 KuK;* cs -w-<ii 

.4 — jllulaj J &Uj I iVs aj ^ jl c5 i*j V 11a (jla *<» jJ! Lu3 JaVl (^Jc 

J j£I ojLja & Sjl J-a L_l — liaJJ V (j>aj ^Jl ^1^1 (Js-"^ (JjLujj 4 LuoSj LaJJJ 

ii si £_dl ajl uj j£}| Sal jl ^ > rfil all ^ J ^ S (_>aij lJ^J I^o^Slj 

^-l^a — J j» 1 jl (j-aj SI ^ 3 Jl =>JjVI ^ u fil e.ljjbii «.LjjalS 1 La^iJ USla. U.la*J 

4 II ^-l^a 1 3 IjLa-a 4 — j| jl ^ Sc. dlij^ ill (Jjal jjj .UIaC Ikijial jl Ujfijfc 

J—Iaj V — lil Jjl—Ul ^— A j 4,^*1 JJ ^ ^Ij2 ^1 llJoi ^Jjn '-Sj- C>j 

£t-J i-ol J La j 1 gj 4_La£]l AjjjLaJS <L)^)iaj -ij^j jjj-iJ i_J-al£Jlj l^iLiuSI 

tjjjJj — Sojll jJJjl L^" 1 — ^ LS ^ ^ O^J^' (j- 4 'SiJ^ 3 -^ J-** 9 jl^i] 

^^aluj — SI pi — iJI ^ — 1c c jj^a SI SaiSjoi; j '(j-a_3^ Cj\ila> -LjljJ 1 j » ^ ^ ' ^ ^ Ja3 

.<'■>! T.1I JJ^VI jjx cjjSiS (jj-ajJI 

Li J — ^ J ^J-^' (jiaSljjSlj J^SjtJJ (j-ajSI ^ JLaJjj^l ACjJ (j-a «. j 

jj-a ^jiajiJIj IjiA . jbucVI clPH ^JS'^a 4j| v_aj£j ^ . ial Jj3 j^Vl -Xi^J 

tlij^jl 4j ^Sc 4j^>Jaj (jl jii I^SAj tAiiiaJS <£daiLala Sjjjuaj Li^Aaj ^ JiLajj ^iaJI 
IjiA jj^J tlgjljjjj ^ ^jjjJl^JI £_xs lAi^JaJ Jja^a (jx JJ^I) 1 jV 1 ^ U^aSljj 

. CjLuiailillLj ^ilaj j-ajSI JLaJjjVI jli lljlj Lo^j .4jjJao]l (j^aijS .IjSlS Ufui 

tj t -s j — S^u 1 *JJJ .Aj«-a jJ-alxjSl <-iaj£ ^ ^Jalj JSjIjj i tljau jVlj 

jl ^ lr. 4 Laa II J^Lii Lsjjj .A^UiSI Ajjlj AaihJI Cjljaall J CjULsJI 

j-aj j=vj ^^Sc <*a,IjaSI J£S AjijiLaiS LiL-aj ^ti=>j LaJj jl toJ^Lla 

132 



jLuiIIj ^auij ^pll LjLjiijll JS lu ^UIIjj *<jj*jM JmiVuuII U jSjj ^1 AjUtJI 

j»L-2a jj ^ jII 4-4 *J.)T-ity 3 -ip. Jjl 4 UK II 4_j^Jajl! ( XjolLo]1 Lja aJI j! £-a 

jl — U jl j > LS — S] J *! j3 j 2 »nkll j ^aUt J£ Jal£ JLIj kfcaj J 

jl SsSM — & J — J-a] "4 L^ajAli" J^aI ikL La-ej ^JaLlj ^»Uaj ^ tjLa^llj 

•M-theory 2jjlij" _j ^^li. ^ c_aj*j 

cs Lajil Jjjj Lu3l 1 — A ^ jit AjLaaJI jL JjSiill (jSaA-loJI j-a j lift 

(^jl j]l jjjl fill £ a a \ J3l£la 4 1 lallc 1'e.lAa UJ^ U' ^ (j ~V 

dil — ft <j « 2 «jla ijj jl i i'u^ — j 1 — ajj j aJj .5jjl^pJt Kjoljjjdl 

! ^j^jVI 4£ jail tlVi ^-«J o^J 

•M 

C — ^ J 1 J ^ ^ fl-iikUj 

jj£j )j &j l"Cjl_Jo JjW aja^aJi oi& V 2_J^)Jsij 4-1 1 <J^*J (j^ttJ 

3 jl£ 1 a Ijlj alUjl vlll Jjiuil 2 Lji] ojlla^ <i:jia Ajllaj 

1 g l^oj "p^g J — ^ 4 J^>lij" Jj-o o^a.lj ^-ij^ tj' *— 1 - :L aJ LaJjJs tAjliS ^Jj^aia 

Ijj LkaJl aixil Jl>^ S) !c 2_:U.VI ixia j k_Sj*i LaJJj t^IjjiJ! jlaaj jl 

? ojjc. jc. UjJ dijJb jjill lift liLal 
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'. j^j! (jdiil fJJ&j 4*aJ AjUjaJI > " i aS 
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136 



references to the original literature. 

Wheeler, John A. A Journey into Gravity and Spacetime, 
Scientific American Library, New York, 1990. 
From the man who coined the terms "black hole", 
"Wormhole", "Spacetime foam" and much else. 

Will, Clifford, Was Einstein Right ?, Basic Books, New 
York, 1986. An excellent Introduction to the theory 
of relativity and experimental tests thereof. 

> Fiction JUaJ u& 

Benford, Gregory. Timescape, Spectra, New York, 1996, 
reisure. Written by a professional physicist, this 
award-winning science-fiction story includes this 
author as a character ! 

Benford, Gregory. Cosm, Orbit, London, 1998. A hard sci- 
fi story about the creation of a baby universe in the 
laboratory, Initiated by a heavy-ion collision at the 
Brookhaven National Laboratory. 

Bradbury, Ray. "A sound of thunder", in: The Stories of 
Ray Bradbury, Alfred A. Knopf, New York, 1980. 
Short story illustrating how the future depends 
delicately on small details of past states. 

Crichton, Michael. Timeline, Random House, New York, 
1999. Drawing upon ideas of quantum wormholes, 
Crichton weaves an actionpacked time travel drama, 



with an attempt at a self-consistent history. 

Sagan, Carl. Contact, Simon & Schuster, New York, 1985. 
The novel that launched time travel as a serious 
topic. 

Wells, H. G. The Time Machine and Other Stories, 
Penguin, London, 1946. The classic, founding story 
by the master himself. 

> Technical (k^SOS) *L«jJI ^ 

Godel, K. "An example of a new type of cosmological 
solution of Einstein's field equations of gravitation", 
Reviews of Modern Physics, 21 (1949), 447. 

Hawking, S. W. "The chronology protection conjecture", 
Physical Review D. 46, (1992) 603. 

Morris, M. S. and Thorne, K. S. "Wormholes in spacetime 

and their use for interstellar travel: a tool for 

teaching general relativity", American Journal of 
Physics, 56 (1988), 395. 

Roman, T. A. "Inflating Lorentzian Wormholes', Physical 
Review D, 47,(1993) 1370. 

Tippler, F. J. "Rotating Cylinders and the possibility of 

global causality violation", Physical Review D, 9 
(1974), 2203. 

Visser, Matt. Lorentzian Wormholes from Einstein to 



138 



Hawking, AIP Press, New York, 1995. 




:Albert Einstein c^jIuuj) & j4 

(Moc^AVI) • 

3 jjjjjill a ■jjlViN j (.a aLlallj a (jj j jal£j]l j t^u^ul! jc ^LaL»JI 

(jjjl all j — c ) ^ T ) ^1 — c. J — jjj 3 jjl a. ^ — 1c J^-a — 2^ 1 — a£ t* j.>-t\\ 

j « (jj '"•"'^ f j J * ^ ^ LqJuc. MM ^ Vj jjfj ^ • 

ai. j\ A i Jjl (jj J (j — « — jl£ ^ — j]1 j Ajfuull -LalaJI 'Gj^jJiu lJjIjjjj 

4 l^J-a jjl ^ (j jS Sj ^ H • 0 j»l C- LA JjJu j J \ g-*-fL Cj _JAJ 

.«.Ljjill ^Lc. ^ ^-n >>i i—LiiS ^gic l^ia JS <_£ j tUl*J! diLJjjJI 

4 SJAa \ jl alVI fr' aLlM Jjj ^ 4 jAjLS-qI ojj—Jaa. <j C j^^jjSj Sj^>j1 

lIi — IsjjJ u SjJ-aVI i_>^J SI iial A jc £lj j La-a Jjill jl )-a>«'iVl 

l_3f"i II *^JJ J LS^ ^ J ij-^ 1 AlusJI jjjjaiil jjjUjjLa ^ JJ-^-a cLijL 

.JU-ail liA J J^J<&\ 

:Dr. Andrew White uuIjA jjji 

jjj — J)-a^ll j»j — Ic- j cllL — JaLj jH A ujjAaj CAjjJaL^)jl ^ ^jj^ujj j^aLa-a • 

.ojjXjL jjjjlilj ^ Cllj - CjjjjjA 5u^aL>j 

el Standi ^ laj iaJ Lij" j "CjLvaLuJ SI JjAIj" ^ AjLaLaiolj l ^j j >*J • 

"I 



^ ) j\jjjj«6^]1 i '' il 4jSj__kjj A-a'^atJlj 4_ijJ a ]lj ^ LoJJtJi j 4 ' a - dfl] ^ i * all j A_ijLlaj^j]l 
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:Carl Sagan jUL* Jjl£ 

a lij ( _ s a si jaJI J p — $i «>l j] l^ltJ V SjJaj Li3 ^ ^^jJ ^^^la • 

LaJ La ^ 3 C5 jj-a^l jj^^ aJ ^1 iijj j C <j_ 3c I -LijIajII L>aj^' 

4 aLL31-J «-a3l (j^jjJ J^ll d)U3 ui jl C j &1 jLail j Lij J (j^V 1 ^ 

. j 1. a«a31 4oa ■ (JjjS dlLc-La-Jij (jx <LLj3a CjL^.j>a jic 4jlAa]I 

(j c Clil i_JjJ "tlfcP Jj^]ja« -^jLki jjj" j "lify j j (jD aja." jl.ll • 

L_l £ j£ (Jj a dll aijj-a]l j (J jaJl j — <j Luj jl iJjj^Jal jU jJI 

a j__&J>]l L_i £ j£ ^ 1c (jj Sjj <Lla jsAaj A m ^ <_j«al ji. <LoJ (jl j i^ljja]! 

£ O . jl ja. (_£ ^ 

"5 d£ j£3l CiliLL-jSVV 1 j "Sj j]l <_j__S jSj <_s jaJI *_£Ai]l" Ajlil^ (j* • 

"^jjl >ai e.L£j 5) a jj j jj a ■iALjuj" j "(j-ic 4ja. ^ji (jjllill j£" j 

a] J j j ja.^/1 I j & j "JL^o "'!" j "^j L*JI Am* ;La jj3 A&LLa" j 



:Dr David L. Wiltshire j*&Lj . J Jjab 

4_u*j — ill die j — k^a_jAj 4 jLaj ^ 9 ^aj jjjiil ^ ^joujj j ■ al a < • 

.illLi j£3l j i^U^i A^jiUJI j 4Ju»Ji 

^Lc liiijjjjjj AA_oLa_i olaJaljj3lj ?.Ljjyi3l 4 j« J a SI <Lu>l ^jI • 

u 9 a jj^Uil 4JUi3l "^jiLajlV' :p ^ ^ sIjjjS^I ( _ j 3c J.^^ j t \'\AT 

Effective Models of Gravity in Higher s j_ui3i ^L_>uVl J—L 

.^■jjjj^ t> Dimention 
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j»1 & jI& ^ tUilji^L Adelaide aJj^ ^• , * 1 t-: 4 u^Ljll «.ljjya^ 

:FrankTipler diljS 
2 jj Tulane <jV ^LuiaLjl! J-°*jj 'cs^u*' ls^-J^ • 

4 Sl La£ sAjl/ISajU » «aijl ^ jijjjjl^! l-lball (jj^A-allaJI jjSI • 

£ a 14 La£ '"fj"' n'lll j j S A^jJlll 4 J* 071 N-j ji ^if- 

yf jS jjjjoiS/1 ^ajJI" U$jIj£ ^jjib ^ John D. Borrow jjjj • ^ u» 
The Phisics of " Sii! ^L-jjji" 4-*£ . 3 L_*£ jSl) 
. a jj$Ji iii j Uui^ jjSS/I «d ^ Immorality 

Anthropic Princible ^jJ^jjittl • 



J£ — i ^— «j j morphe d—^\ j jL^I Ls ^ j anthropos ajjU jJI 

j ual i"l Ja j a (jLaiVI (^Jc jSjJ £ ji& pistil IjlA ^^ti form 

Ia_SAj -P~J jjjj J (Jil<aj f^J)^^ f-Laic. <_£.l)l ij^" 
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:Galileo Galilei 

(U£\-1ol£) • 

Jj J j.^i jll j r l , J ,_£jaj La AjJjJ J ^4 uiiL Ajti^a ^jJI) 

(__S uiliL \"^Lui jl£ La] UlU-a (jjAjJI JjA. (>ajVI j'jj-i 

l . lli ji ' Ljj£II <jl£j ((J-iajVl AJ jSj-al ^^ui jojllnjll ^UaillJ iJjlaJJI IgijJ 

a'aU j^ II "LagJJ ^jLuajll ^la-a j»Lal 4j^lal La<a ' i . &C Jc UjjIj (jjjl^all 

t.\lA) J) 4j1c ■ i;^' JIjJIjj tajl£aV ej^>-^-J cjljlc^l Jc ejLaJj 

aj i a a LaL iaS te^^^-aC (j<a "e^ja.VI dll^aijoj ^jLajjl 4j^ia ^3 

."JLill ciua. j> jfrl EJa . 

(jJalail .Ua AjjJaLsj tillable (JjliuAj ojlcj (jjfui LaC 'vLiaS AjI jLajj aJb\ jjx • 

(JS uj J !i£-a AjljaL]! L_ltiS :^Uj J SjJgjujJI AjjLiC-) j la ■ jV 

2- jI J-all jjl j Jj 46J J-jjJI 5 j£lall AjUaa-Xa vliL> lillj — (^^A^aLjj 



_ajV> »6J fJC Je ,ji ^jSjj^Vl Cja. JL»Jt Jj3 UU1I ji LiA Lu j (*) 
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Gerard Milburn Cjjm^ j Jj^ 
UjUj University of Gueensland ^jhj, a«J_=o \'±J\ UJU J^j • 

4 — J^>iaj ^-olj — J JJ-i — «j (CQCT) <»^l JJJ — JJ-o^il j^J- 4 Jr- 1 -^ 

l^)^j^aj 4_u j£joij^)^j nil Cllljjj'i's j IV I j t ^ n^ll jj^Jlj iAjjjlll l! '1 j j i 

J jSIj 4 o^^> all 4_LalLnJl CLl^ ■> alL jjjVu I— LS-J ^^JjLa jj-o JJ^l a]j • 



» • » 



£- J ui ( _ s \\ La ui (j\ jjl 1 g_ilJ jj a L_l jS aJC ' ^ iiljUoj 

. JjJ tij^ Aj^SJI ojaU=J1 jj.n^ j 



:Hugh Everett *-^J4 jjA 

;_>jj\ Jail li J — x^J tjjix«_l 11 1 g > ^-iim £-6 4Jc.li!La jj£. <* lc.1 Ha lLlsISI 
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:Herbert George Wells (H.G. Wells) jLj & jjjjA 

i— iii i) j ^-j^>^ " > " l^jjaj , > 5 ia - k-a j i^^jjj ''j * 

The Time j-j— II 4— fi" 1 — * jji j V^&j — j1 ^1 JLaJ cAJ jj 
jb* JU jJ! J J" j The Invisible Man ^1 J" j Machine 
The jjj- jjj^^i j The First Men on the Moon j-aJI 

ciiVU^ acI^j] 11a t Island of Doctor Moreau 

. l" )Ljc.| jlAi-aj t^cjjllJIj ilj^ic ^Lik i a j ■ <jj V t5 _i]l iI_s\J jLo 
Ij J-lS jjL_j 1 a£ t4 jljLail j-a_5 a lip aJLaS U ajl i_j^)*J • 

.AiajMill j-a 

■4 i-L« ^ ic. Jj^a 2k j iA JjjlllJI <la».^aJI (_^jJLa£ AjLia. j,a sjail J^f. • 

1 .lav^l j^l Jl 2~a 3 A .i*J_aJI ^jlajJ^l AjJljLui 4-lu)lj.} 

A =kj-lJ1 ^ — lc J y^a — aJ j__£ 4 — jikc 1 j^. jl j±aJ SjLa jl VI cLj jjftSI j 

." jl jJaJI ( alc" ^ Igjlr. Jj-^aai jjllilj ^ A^ . .»lc ^j^. 4j^iaJl 



: George Szekeres <j- j£j £ jj*. 

4 — J^jJ ^ J^a — 2*j tillui — jljjj ^ 3 J — Ij 4^1 jU ^Jjs^a cs ^Jaljj • 

Cli Ja* ;_jjl j o Cli jjA Jl aa 4 jj j^j aj uil j-o AjV J ' U "' « «UaLl11 

4 .laJlaJI ujj aJI Jl j L 1 £J3 jjSI C. ^^1 jii-aJI 4 a i la j 

( a_J LJIjJ u:b ,1 j\pl 3 taUj aJ A Lllaj IaJ) *_s ^1 AjjljJI 

. a i -"I » II j Ij i " i 
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.^g-j,\ui)i j\L j lIijjjJJ 4j«-ala> j\ ^lljJ AjuaL^J f.\ jj^i 

"Esther a^_^lJ c±-* J= cJ\ j_-ai! tf x_aJ 

jl 3 J a Sjjl laJ 4 ale al ^ 3 Jalaj (Jji^i. Jj^-J -^C 4j) A\i>\* a 

1 gJJjia (j^J P t ~ J ^'jJ *o$\ ^jC-'uj (jjK injni lg_la 

"Paul Erdos o j- 1 j-^j J j—i ls — ^jfi ^-A^jj £j» 

The Happy a.ij*,>.i !) 4 — jI^II ulj 4l>v 4 eta J til lj 

j jj " JLui—jT j J jl£ j Ending Problem 



rHendrik Brugt Gerhard Casimir jjajJ^ <iLj^ 

(Y n.H) • 

"G. J. Gorter jj jj*- .(j*" «U Jj-«j £-* 4^=>-^ ^jjijA ^Ljys • 

ale (JjjjL-allj pLj^^jl j ejljiij t_}j~ayc£. tJjIj^uU ^Lllll ^OjAJjl (J-?"-* 

Casimir effect " j^j^ SjAUi" <u^L ^ jj L> IKj t y\ V * 
.m £ p\c D. Polder jj . i' j* >T a] J^j 

^j^al ^aa t Acl j i ^11 J a ^ ail Ajl la - laa a 4 M , >A ^j^s ^frjll u^ 1 *' * 
jj — a aljjjS^ll aIjj^z*. Axj 4jj j| tjjjjjjj^JI jjjjiaj]! jjjjjLjjill uil 

c_iS L^a jajoi 2J jitaJI 4£ jaJL ^tli iJlljl^ ^^jll j 1 ^ V \ alt (jJjl 4j«-aLa. 

tAjcljjjl dllLaJjl CjLjjA. CjLLiLua.j CjIc jas J1 j c4j^_iJI S-JaL^jll 
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:Isaac Newton <jjj^j J»*J 

(>VYV-U£X) • 



) "1 1 ) (j^ Lg-jS (jllc ^ JJ-aS <Jt-aUkj ^gjjj JJ 4j1£ ^ <-a jlc. 

jljftVl ujLu=J Aijja ^JlaJ jji*^ U^Lil fSij illll ^Uil ^Jj 

^ic ejjJC jjC ^ ■ a3 "iJjJaLiiH" i_jLuja. LaJS j''.'..'^ £-« JOj^I-Jj "* a U> ■ all 

!_5 jA_JI ,j jLa aJl k. 1 «l taj ;;<il ^Loi a6ll 4_LoJIj JaVl ^ylfc ^ jJI 

1 lljl£xa 3 Jjiij L^jL: j j > " i \j * n j J as 4_)Lu> Laj > " il jj^aJlS j; j- j 
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:John Weeler jLjA 

jjljjjl 1 g_j3 3 (_g 4jI 'l£JJ ^ jl U,'\Sf\ ^jjjl^ia" <^jjlal Aj_o 

jj J 1 <u3 Ha jl aAI uj 1 «£ tAjjilt ^Ljflil JJjJaJ ^ «Ul.ji2-iV ^ ^° 

. (jujaVI (J^jij Ajiia.jjJj^Jt 4 I /nil jj jLj ^ji 1 H 0 \ — i * ^j-alc- 

cs ajji o jjl a. A Jjjj]] 4 aLLil 4_£jj*Vl A uum^A 4 'Via ) 1 1 A -Xc ^ • 

"(jjUJj jjl 4 jjj" j " vj ;"^ s>J1 jl J^j^tj ^ ^pW*^ ^ ij^' Ajlilja • 

£ a) jJ ^— £il 4_jjiaj" j " j^j II Jj^" j (j-=»-l '^-J^W^I J 

.'■(>i 

: John Richard Gott III Cjja j ai^ 
Princeton ^ 3 — *^Uj a j£M *L_jjji]1 ^ UJ Ijla J J^u • 

^ *Ja 1 a^JJ jjjjjjaj] Ajji^aliaj ojjjLjj j-aLi. (JSLij i_Sjjljj 

.4jjjj.Ajl ^jj Ajll^j tjj-ajSl j^fl jq.nll :LaA (^-aL*JI JU^il 

(j-a — 1 aji (1 — kius j_jSV|) ^1 aJI i_jLj£JI t_aij* jjsj.2 J jj <ui] jLit • 

^ — Sc. c*L_ljj j — aj 2 Si frl U ^3 4jj jSUI jljjVI aS jLli 4jJ jjII 

" j-cj 11 o!j a J (J LtLaJI 4 a.1jjal tL_ltj£Lll JJC ^jjJu-aJI jijjl 

_J — 9J jl A stiJ IjjLa^a (j j£j i ii L^ji3j-4 jl ^JJ (_5^lj 
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A » «l ^ J-axj uo ^ jSIj tAjjjjJa SI CLlljiui SI qa jjSI jl CjllaJ U^J^ 

■ Lj Sj ( it j ui a. J aaJlSI I JA j (Ajj^jj g. ji^ill 4jt_Cu1 e j m'i 1 1) ^gjjl j f. jj gall 

, ^ i iajl Igjj-^ai jj i ^ N ■ ^.a* |j^Lla]l^ ^jJaLaJI tj-^J)^ 

lj__Lo£ j,j in'ij^j^ 4 ^^A 3 4_jLi__i - ■ -I <A_jjjjjJl f*J^ ^ u/iSL] Lai 

j »j tijaiuj SI (jj_)Xa V,A ^ — SI O t \ j — « ^j| j^. Jl AjjjIJI rtJJJ 

j—cVI cs _a /j_£J Brandon Carter a±& J& 1* 

^Lj jj Ij & ta-i J^C. <jiui Si Cl)l a->,3 S b * > . UjoU ^jJajjij J3j t!SU"n.i,a 

J 3 'aj.i 2 4 S jli 4ji»_LiJuiJi ^j"''^"'-""'jj;S1 4 . .ij'l^Sl Jl jJalj-aS Ajjjoij 

•<jAO^ jA Uj ^bjyS jA La jjj <Sjiii! 



:Kurt Godel Jjja. i 

^ jj^jjaSI (Jj j^. jLejJ _J»^_S ' _J"*SI >_3 jLuiAJ ^^fLij-al ^gilaLa j ^-iJaLlj 

aj Ju V « SI jjlll J ^JaLjjJI jjAljaSI j^joiI (j-a 7T_Li_<al ^illj 

^^jJaLjj (jjiala j»Uaj ^1 4_jL Jjlailj '(»J^ djLiaLLaJI jaLoiJj 

jj a (jail ul i _ s Sc A 'nx-A dlLijJaji jl Ailui\ Jc <Li&jj]l jS-aJ V jijL^a 

CjU^jaJI (jl lLuIjSI jjC. j^a g j i aj JLjSLj tJJiill J J^Jj ^gjil '"'^'j J 

. i-l)L^a2LuJI jj^Jaj ^-ajoij j] *_S jjoi > ■ \\ igiaJJ AjJcUJI jl 4_lujLwV' 

ta i«S i jWiSI ^.ic kiiUkljjSl J j^" JLLa 1U) p\& jUjjSI Ija j$-k> 

Jajj JjIjjjj (jjj^uiVI jjJ^aLjjIl "i"llj>>iljjJI £_£jLva" i_ llUS (j-ajJa "j^OISjj 

1 g aJ CjLj^jJj (Jjl1*jj\jS a Sj| A\ Ijj3 dl^ ''I JiSI "UlLail C5^J 

eJ xj jSIj tl — JJJij 1 g ah» jl tllUjJaLjjJI J£J ^jL-sa aJcla ^ L*J jl 

4^a,USI 4jjLawaII J*J J\ t 4jj0aJI ^aLjil 4j,,/iSLl CjIAluj^I j-a Llr^al 
.<jjJaLjil ^jl-Lail jx dxaajual ^^i'j J-^J^ Lj-aJa ^jjl 
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:Sir Kingsley William Amis ouai 

-ill al l L£ 

t.i j" ^j^VI Ailll ^ <*A*1\ <ja1*JI Al^jJ 1 £V ^Uil • 

c j_- a s Wales Swansea < jr u>— jl j^J^j 5 — «Lj ^jykjVl 4*111 
i — & jjucI ^jil Lucky Jim ".L jLa-J I ^jVl <1jIjj jj* ^j^i Ji*. • 

i^jJaLJI (jjill CjLiliiautk £jSj!laJI jjJajll jjAj - ■ <aj J 4_ijJ.laj (jjjji&ll 

Ritchard Jjj^Ijj JjL^j <£\ J-^ U 

(J — 1 — a «-Ijjui ^-Sj^j La jj-saa Lajjj <jjIjj p jlij J 4jl Bradford 

" A^a-Ja J l c \ 8? " jjjju LjJ £-L^ New Maps of Hell saj^ 
lil—li "^jjj t>uua." CiUjj ^ Cj^jL^a c^l£ La£ .Comic inferno 
,>_c Ian Fleming Vi *M J_j ^sl£Jl ^ jli ^j^UJl 

ijjj — yllAJI (j — a L. lllaJ 4j j-a .lau ojj^VI <1}I jj 4_L jixkx ^Lajj ^ CjVjI -va 
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:Kip Stephen Thorne jjjii <jji£« ^ 
jjl — l j^—a Utah sL_j J 5 — ^ jj Logan jl — ?. jL j j_J • 

.(jjoia^JI j»Lkiil l «(j>3 j-aj CjLiU^ ^ Alison 

4jjjLaJlj (3^*^ Aija-aiL AjjjLs SjIjVI J^j ( _ ? ic. 4j£LiJI Ajj-lls eijja-u • 

: Jia l^k Ua^b ^Lka Y > jjall wj... 4ilujVLj 

i LlSiui Ja — 

j 4_LpLaJI frLjjjS j 2 iti 4_£la]l ^LjjiSI ^ic HjjLuiI Aj jaj Cjj£jj • 

4 — t jj V-»\l Jl ^ 4jj£j-all 4JLoaLol« (jc !)LiJa3 tjajJI ^ jiuill j£ 

4-lfuj ill vIjLc. j Caya ^ , «"i 4jjjLaJI j c^jllj f.\ ■ ^-aW 4_aUJI 

.A^Uil 
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:Karl Schwarzchild ALuujjl>i Jjl£ 

J «J Jjuj jA j <U j$Ja >"n^t ts a\l JiLllj jl£ Ajl <Gc. j^Aj La-o • 

." jpjL." j^l t5 SliU 

^ 3 j A Jjlfkjl jj ils\ Jjiaj j C ^A^l ^»lc sIjjjSaII 4jkJ-i ^ylfr J' ^ • 

4 SJjJa JJ a kij .1*. \ Ilia 3 Ai ^-j-n ^jajjj] IjlcL^a ^J- 40 AioJI 

,j ill 5 SjjJall ^ & j UjJj^a J oA J Ajj^oJI C-lLuiaJ 

<lijjjt-o Llia v. si\ 

A aLtll <Jfu ill ^jfl (jjll^ujl Sjbla-a] ?tj-\ i J jl j-ajl A^Ujoj]! JLa-a 

. (jjliujjj 4 Jjl (_£ ill J 

,jjil jsll" 1 «A A-o uol 1 HLoa jjJ! L . iji&jl j^ jj-a c^^J ^" a ^ * 

.\_ ifllaLLa jJC. J jjuil v_j£J JjiDU jiaall ■ L aj" j "^jiaJI 



:Lee Smolin oJjauu ^ 

.JjlijU ,jx oljjj^jJt ^jJc — ttli^Lj ^jiaj ^^Sjj-a! ^LjjS • 

\L^a Jj A A -ijjlail Ailii-a HjJa <* U1 j^ 4_j i_ijjij Lo jj£l ^ • 

Jj—J jVI (jjjl J—Ji^U jjj. A') A ^ Jbu LaS tAj-aSJI A^jjUJI ^IjULi. 

4 jj=kj J_£ jjjj I Aft tjLjjVl AjjJajj t^-iAJI -S^^UJI :^a£II AjjjUJl 
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. 4j^^aill l-ia^ ^o! ^ aj il l ^ t ^Sl l IfLljl Sjx i j Lj ^ 

4 — Sj^)*^]^ "j — «1a1I Jjj — £11 j Jj — Ltjj 4 — JJ-i=»j IAjLs^jjLj fjji ^jij /)-o • 

ijjl ha i-i — la jJ jl iJli — SjLa. ^ — jll j S3 ^ jtjJaJI jLjlk^r J Uiaj 

£. kill 4 aJlaJ j gJa jl Li j jj^' Us^jjLo t^-Ajj j£H ^3 L\a» jl j±3 

. <.ljj^JI t-Jjiill jl 

j^LJi t \<\ n ^ The Life of the Cosmos jjSll sU" ^ • 
^L_c Three Roads to Quantum Gravity 2_l«£1I aj^UU jjjJa 

SI Laj ( al*il Ja jiui j J^j^l 4jjiaj oUij IcljJyAll £-a IS '* all" j i \ • < ^ 

. t . . 1 ^Lo The Trouble with Physics j*j 



:Ludwig Flame &&<*jt 

ilj M 1 0 a J olij la. M "V T j lo J^c. j a jlj • 

— II y °[ Q — a oj — jail ^ — 9j t^Lajjill A jiVill Ljjj2 4jtxU> ^a J}J3.i g j * 

> ivr Dieter "j-^V gJ l£ iaJL&I ^ 

.AjcalaJI <_>iii 4jjiajll eLjjjsU IjliJ 

CLlLa m ^ — 2 dl — a_JI j a \'t.l J A JJ^'ill ft) JJ^' ^ <jLaAL^<s • 

. jaJjjj^u CjL>j-a Knl S-ba ^1 ^gja. ^jLaJI Jl oil Jjljla.VI 

J — S3 J — «-J J — gia j — ijill "^J j^ll (J^iill" Tcik^a-al <11 aalujl ^Jc ^ j • 

— II (jJ^JI ^ — II J—aj ^ — II ^ill jA JL>J lift ^ <Lxi jjjcI 
l3 — UJJJ u' — ^^J U^^ 1 — M ^J*- 8 -? ^Vo^ lillj ^jij i L^aj ^illj 

•ijjjj — L jjl. 'i ,.. ^ ijjl ojJajS A^ilt 
4 aj (j| J — xj Ij — 4 ^ i*J ^ 9 ^^>iaj J^iC ^ yJllV^U-a -2^>?-* Up' (^JJ • 
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:Max Plane dOb <j^L» 

1 ^ nKjn 4 — Jjiaj ^ — 3 A ij Jjl ^iaj (jill jAj t^Lali (Jjiaj ^LjuS • 

. > ^ ^ A j»L& *L jjiil ^ Jjjj o JjIa. ^jlc lgJU.i <j-a J ■-"->■ ^pll j ^£11 

(j — C. 4 — j A i aLail si !l j^Jaj-a (j^J '(^s^" 1 4 inf. (jc ^Luia2 • 

^ j^'"'J (_JSjuij]l life (jl 1 . U j ^ L-ll*JJj J 4_iLa*J ^jSUi JjjoiI - - aa j-a 

J JC. d>1 — 1a£ LAjjJIj ' _ iIU'm t ^ ilirj'i.iiVI j ' * a '^ (jx 4_L^al j!La jjc- ■ " ll ir 

:dliLijSVI j-* (jjc jji 4_L*j La I^aj — AiLLJI a_LjI jla 

t# ,jjJa — II ic- LiajJa — J-a <_£ jUI ^ jJjulaII tliU> j^]l j j ■ gl la II 

1,1 : j J^ajj O-aj^l ^ AaUaJI i-J^>*-a (Olajl (jLaJJ j 

diljj j — a jjii CjLcU^yi ji jL JjUIIj £Ua5£U tdj^L jjjli .X 

Cll a>j-all — J AAaj Lg_La AjJLij J£ 4iUa j] j tt_)ijiill qa ^ 



:Michael Crichton uj^j* JdA^ 

■ 1 > «aj l ^jjjjJjiJj ^calaj t^Lailiuo ^^)i_aj ^tilaj l^f^jj^il ^1 jj l al j a • 
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JJj£ jl LaS 'lliij JJ-al-a j^j^. ^--JjLJ LS ic e^ala-allj jjj jijjj 1 ! jl LailuJI 
^ ilall <JjjJijj 4jJ.ag.il Ajjala ! 4 j^\r- CjIjUuI (j^futJ J.''"' 1 " JC <laljj (j-a 
.(^-AjjiaS) AjJjLaj^l j (jjlijU) ^U-aUJI ^ 

ja j L^ii£ "A Case of Need ^lu^J aIW J ^ aJ jj aJWI J J 
f\ — c Edgar J — ».jJ SjjU. cjjU. ■4_uj J.la 

US 

(j — fLaJ I. 8J^J ^j-aistll ^jijjH (j^J JJ laJjJi (j-a jj2 «ULacl JJC. 1 La I j/ 1 ^ 

^^-Jaj-aJl Jjoiali laJJC- AjajJjj <Usjj ^ J > tAiljAl Qc t_ijsJu q\ 

jJai—ll jjc. j! (Jurassic Park <iijLi l*LJjja.) Ij^jJjjj Sji*JI ajLo^JI 

(The Andromeda Strain'*' = JX*. h ^ j^fl si jJl jja) ajjjaJI 

t^lLt a j^Ji cjjU f^lal (Westworld = ^j*^ ^LJI) J 

^ — Sj (JJjJall ^ CjI h't^Laj <Lalj jjc. 4-iaJX. J^Jj Lff^" -"^H ^ 

.^_S^JI J SjSflll JLaj£l 



:Matt Visser jjJ cjU 

4jtxL>j ol J^lj Ljjjilia 4j^L> ^ ^ jjj < Wellington ^ jJj • 

Jjal" j "Ajjjjdl (jjLiJI" 



i a «<s'b S3 jUi ja. j^xJb ^j'^ Aj-^a. s jjJ) Andromeda i 
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«Lpj.lil (JjjLUI -^ i=k ^" *SPj"^ (JjiaJt Aji jki Jj^ JjAJ ' . '^"'^ 1 . ^ ' "* 

Loretzian Wormholes - From -"^j— * u— : ^ ij l^u, 
(J _i l^jLLo Ui> jl£ US iUn f lc jjL-J! Einstein to Hawking 
jjL-_J "Artificial Black Holes A^Uk^Vl *b>JI ^j£ir 

. Y . . Y ^ic 



:Martin Kruskal Jli-jji 43 jU 

si j jj£Ll__SI t _gic Ji j i jc. 1 Sj .'11 Ajl-oL^. j^jJ ^^Jiij-al t^^dJJ (.g-^ij^ 3 * 

1 yVu J George Szekeres j-jj_£j £ jj— ?■ ^LkUj 

— kil" J — a^J J__ &J1 j tSchwarzchild a— ic 4f^jJ (^jU^sJI 

5Jjb«-o ^ jjl jiall jl JjLaiall vacuum 

*_iL* — aJI (jl j_ia i L£ jLq Joseph 1 a jjja, jLLS .S 4j j! j£ij Lx« • 

J CiJM <^U.Vl JJ^I William ^bLjj ^I^jjSII 

Kruskal- Willis one-way analysis of — 
Clyde, Karen and ,^j£j ujJSj j ^ 'variance 

. cijl j. all jib Uu^k I jiac Kerry 
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:Martin D. Levine OjUJ - J u^J 1 - 9 
cjli ^^-J jiku^Ull (jk, J-aa. L^Jui j ill' pie. McGill University 

A ^ Ajjj^IjI 4^A%JI j^fl oIjjj£a!I ^jJc J^aa. 4 > 1 IT ale- JU>JI 

jj JU-o ^ ajjj^£JI Ajuja^JI ^LLa ^ AjiliJ^I > u^"^ J»..:;n • 
fj—l*] HA. t V<\ j^L-JI ^ IjSlj V&J\ J*c U£ ( (mt-HA1) 

(Jjl ajfla. oJ *J 1 jLj Iuks J^nfc LUajl j ^jilLi <i-p 4joaLsJLj jpjjJaS]! 

. J a all \ ^ ^ jj£ Aj ^ i aoS) i " \\ ■ a i ojx j 

Slj jj a^>jl > " ll J j 4 jjjJaa£]1 eaj J ja. 4j!iaJI AjUsLoIaI • 

i_J 1 *>jjjl (j * s-aSI s^A ^ S-jj-jC ^jtjjjou-a a} j iLjbrfaVl 

4 Vision in Man and Machin JV> j o 1 -"— "V ^ s jr-^ r 

Jl a^a cs 9 ij.iC.Lu) aJI AjJJ jJXafLSI JjJLajlV' jj\ jAxj i_Aj£ i. — SLiSllj ^ liljLii j 

Compate Assisted Analyses of j, j'-^ili J 1 ^ J 

Cell Locomotion and Chemotoxis" 

:Niels Bohr jjj jlu 

.Jj_aj SjjLa. ^gic. Jj^aU>. ^^jLajlj ^jLjja • 
p jjJl a 4j£ jLLa <je ^Lja2 4 p£jl l£jjlSj-a p'.jij (jC (J jV I J jiuboil • 
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^LL-alia 4Xa ^ ^ill j Atomic Phiysics and Human Knoledge 



:Nathan Rosen jjjj jIjU 

4J 



Boris Podolsky L5 £ J -J jj jj oyjjjj g ii ^l ^ 



:Roy Kerr jj s ^jj 

4 ^=>.JJ £ l*n*> 4 ^ 1 « ^Jjjxa£ <x^aLa> ol jjl£jjl IjuLjjjj 
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J— Soil ) ^lY j»\ «JI t5 Sj tl^JjAj 4j«_«U> > . L^alla ale ^ JiJJ villi Oxj • 

j_& cj ajj jl£ ciu=w <ajb^ill_i o^.j Ajj JUL (jiSlj (Vacuum = jail 

. Mj^n jji j^l J^. jaJnA-J 

Alfred Schild 4i_-i a-jjiii e ^_L J ^IkL^I mo r U • 
•Kerr- Schild spactime U^i^L ^ j^Jl jll* j>SI 

MorCel jl* — ui j ja. Jj ujLa o jjl a. — !c Ji^i -s Y • • 1 j.1 — & ^ • 

•Grossmann 



:Ray Bradbury ^jjj! jj j!j 

> ; ) r. jll di jIjj -jc X^aS .AJokVl ^^ic AjluJIj t^^alxil JliaJ ^UjJ 

^JJ «11 c _ s LajJI — ^" JS ^ °J4-^ JJ^VI i— J .jjaj^iaJlj 

a—jIjjS l — sl»J <. flj ..o (jill )*\° « ^Ix. The Mertian Chronicks 
^Uilu: ^La ciJjp^ tFohrenheit 451 "c^ j$i £ o > " i^Jjt 

Jl — jaJI jV kilta — S j — pju (dy^jj^i £ 0 ^ ^pLIjj y<a Jala Sj^l j tj^-alc 

^jjl — ill" : — a lilliij ^jjjljil jj_^-aj 

j£-<u V L^iV ^J?- 0 'ej- 4 ^' l3^P^' (j-a lLluiJ "^jjaI] lt"^ 
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:Richard C. Keating ^tiui -o* J J*Qj 
•Edwardssville Jjsj jjj ^ sL^JI ^Jc JiUaJl sjjj 

^ — Sft J— a^j Colgate t'n->1 j£ AjcaU J V 4-»_*UJI AUj.: ajl • 

^s— Sc. j t ^"iY Cincinnati 

.^"10 ^Lc Ai,a\^ \\ j^ oljjjfLijl 

A ilijl Cllj ClI jLuiJ jjl LiS! f Sc. tiil 13 £ a c4j j^j J^uJ • 

Clilj dil lb ^ a ej Ajyill j'ojJI Jj^jjl v_sj£jj tjijalajl Cliljj a 2^.1 j]l 

(CjIjjSjj till) jAl »-a]l diVLa*J ujIj jj SoaSI 3 t^Jl c. laa ■ a 



:Stephen Hawking g-&jA cJh^ 

cljj^-j SI ( x kJI jl SjSI ,j_ C. Aj^laj i—l^L^a jjiajl ^jL^iS • 

■ S I LfLijliLi-a j < A y i tuS l ^jj^Jaj ^ Sc * j Q ' i 

^jujjSJI J3j 4^>l£JI 4 'i^ aJ V J tiijiiiLs j^ojjS A^ai) JjJuUl A^Jajji pi. j • 

> ? L_c 

aJ — jj3 Cljjl£ ^jjS^j ajxj-a-oSI e.ljjjJI l _ s -o^iJ Loj3 eLjasJI 

ojA jli SjJ^^t o3a J!ili- j^aj 1^1 J^l j3 Ig.ilr. (JfiaJj jl Ajia^JJI 
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. c_i j^ajl 

jj j auua ClllijjjJ j A 1 ilula ^.IjJyiSI £cjj£jA djUaAL-a-a 

^.j la j ftj ^ HAA ^1 c t"(jl «jll j^j — a ^dj^" : <j'jj*-? 4jj£ 

sjj.j — J ^j-Jla j — & j " j_ca- Sj^a ^ jj£lV' Ij'jjxJ S-"^J 

.AjjjjJI 



: Stephen A. Fulling g-ilja .1 oijlu. 

^ ) ^IV J & CjL JabjII l _ J S JjlSjU 4>^>i 4j**LaJ 4lJj.j • 

4_^aU j__a MY\ ^^—a ^11^ jjfl jji.^UB Jj-aa> 

4_JUaj laJuJI J Lajll ^ ^-aSll JW-ail ^J^j ^ • 

<Uji_J i . | j jaMI j ajjl 4_La£ll AjjkiSL (jjLtll La JSj (^-aSll £ I jill 

4 Sjl jll Jjj ill CjI jlac j (JjJ — ill dl^jl jajll JjUMI j ^^Jij 

4 Jjlij il ^iLjjj ^ ,a£ll jj j JJ-aSJI j 4(_j jj j — jjAll ( _>^?^ J 

.4_i3jiJ| <* ajjll j •jljC^/lj Clllt j"^ ail 



: Werner Heisenberg £ jjj JjIa 
jlW-H.l) • 

^ £11 1 SjjI£j>i JSL^i j1 o 1 J-ja 5 3JJ^=> <■ LSjjSI t^-jLall t-S J^l^ J ^^j^ • 
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CjSjJI (jiiii ^ $.(_£ja. (jl£-aj Ax-jx« Aj-SaJ AJC.) Lalml ^xj "jj^jll lAjx 
<Gc.^w (jjSj 4jtij^ Ijjj t jJxj ^3 4jl3j>i jj^-J "Ck-jjuj Cll-SJla. 131 tiljV 

(jji aj Jja. ^jl.-v jVI j i_Jj£]l ^J^-J ^JJ Kj'iKj^J 4_uujjill 

.t£lj ^.Ic l^a ^jic IaUj ^gjJI Ajiuila (jCj jjJaj-all 

■.William G. Unruh .£ ^ULj 
Manitoba IjjIuUj Winnipeg ^^yj ^ ^ 1 0 ^ • 

jjjJJjj Ajt-aLa. jjx ) ^ IV ^»lfr 4_ia1*JI 4ja.jJ CS"^" ci JuQa LS"^-)^ 3 * 

J—lw (jUI j Unruh Effect j^jl jji U > ivi ^Ic. ^ • 
i_j j — uj J — uuJI l^XJI (jLa ^j^l cjUISjj (j] (jliUl 

<^ajl£ Uljj ^1 ^LaiSI 4JUJI Lai Ajala ^ Ifr.iii'l jl jl 

(J jlj — aJI jl Jj-JV! j — o £ jj£ U^aj Ai&ua j! 4jLkb AaLjI ^ jika-XftH 

j Sa ^XoJI a \Vij (jUI {JJ^iail J JaJI tJ Jc Jloojo VaCUUm ^IjaJI 
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: William Jacob van Stockuum fSjl* jli <-ij&± ^ULj 

<u t-\ <n .) • 

jj a3l cliLujjji c j =Jjl u a '-^jj i -iVa-rJ tiua.j t'ij£LJl 

1 ^3 jl a ^ "H ^ "jjS * ^ ^ cAju^LJb o*J^ ^ iS ±^w& 

^ Sc. j i j jjjjjj 4 » «1 (j a JJJ maJ all (_jlc Jnot j t4_ijA.!l]l <JliLallj 

.e^jjjl 4jLjaLai j-a oljjj£.l]l 

4 — oLs«JI Ajf»^ — jU — J — ^ Jjt t _ 5 ic J^iLil Ui^ ) ^ rv ^Ic. J • 
Ji-^V j — a Jj! jl — £ ajJ I liA ^rotating matter e J jj SjU 

ij a J :Jj <.l iaJiVt 4_iJli j (_JS ^ J jiiuJI j-°j^ J^ 4 ^ ^H^*] 

Jj ia-J a S Ja aJI (. y^i ij 4_uj aj jjtjl'jjjl ^Ic jjjj.ll (jl JjIa, • 

eJ) C. Cj; 3 till jail l j aall 5 jjIjII 5 aaIUJI t-jj^JI jbaijl t ■ ifuuj lilli 

4 — jjiLL CIjj — i-al til — nlkJI — aJ ^ — 3j jljJall ^^j-iJ tli^jjl 

II £. a j-cJI ^ a j»l iLj ii j 1 iuAa I jiaj < " ua L^_ilc- <J£ tlLsj 



:Anti matter S-iUtaJ! SjUil 
^^—a 2 — LU-a Paul Dirac ^1 j— jj Jjj" jji= MYV jx jf^-i J • 
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ajjLiaJj (AiUaSI j-a jluix (JSI La ajlc jjjj£alVI jV <Ljgm^a JfLj 

4 1£ iSj all a J & j o ^j^>a>ll AjljLa-a ^jij .4jl jail j«a jA 4 uL u 4 SI la] 

j— a _>^1J <■ j — Lva VaCUUHl "c^i—iJl" jl £ j_ la! L_^l ja. jl 
JL-jJyaJj niJijJJ <Ac (jiial (^ill jA j t4 nLill 3iLUI tlllj iJjli j jjSJV I 

A jjLso) 5iUa 4jJ jj£j jaJI lift ^ Uij vilLiA jl ^J^ J ^ V 1 jJ^SLill j« 

— ^ j-a jLil Hermann Weyl "Jjj jLajjA" • jAjjJI *i Llk 
4_L_J jj > HVT ^Lc. Lujjaj 11a jSbj jjj"<;Ni j _ >d ii l^j IkiAa. Ljji 

j sjI — ail jL^JI liA jlS j Carl D. Anderson jj- • J J 
fj— Jl <jl VI Contraterrene matter :"SjUU t^jVI jL^all" 

4_a3j jLia-a Jir-i'ir. <1 J£ jl jfl laj i_gJI ^jLjL-all ^j^aill JlxJ 

— SjJI j i_j Lll ClVI ?-al -ii-aj sjl ^1 ma.VI oift CliVLaJtLoil ■ la al 

^JlalLj Antiuniverse jL^uJI ^j^ll ^^iill ^ jWll j ^jaJI JL>J1 j 

."^akll JLpJI" JLaJ 

jjJ lij J_y^._a^ jA La jaj3) j-a 4jWqll 4_jjLa]l 4_i^1_ill jx a >1 ■ a-all o-iLaJI 

J Ja) tlgjaLijJ Ajjt .^il villi j jll ^IjajLall jVjJ jj^L V . • Jj-oj 

■ ^ j . -o U t JI Jajlx ^ji (Jclilill 1 g sLllj jl j^-aJ Ljjljj j* 



:Aquila ^jjSI 

_ > a_ill ^Ul Vulture u— USUI VI 1 s >. Jlk* La GlJ j • 

aJJaj J — C-l 4 — Cja^q £A jj j j a 4 jjlfj 4x. a i_s-*J 

1 — jJJ J — ^5 — ill 4 — t^a^all — jj ^ — a j l — ^Lajla "Protemy" 
Aratus (j-j-jljl j (£b_JI J_ja £A jj— Sill) Eudoxus 

j L^a "K lj 4 — o^a^ AA jx — jVI ^ j (jvLuJI Jj3 V jjflll) 
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A C j *^ 44 f- j aa ^1 oJ & 1 Vi/.i^a Loaj ^ H (_l?- lul ' (jjjj-ajllaj jl£ 

jl—jjjU j j — LI j^Vl ^ ^Vl Antinous ^j-^jlai 

Tycho el j_ j ^1 s- 1 ^ ^ j u^ 1 j (Hardian 

ts __a ^ 4»>n j 4^jj^ ^ ^ ^ 1 .«'"«•» j Brahe 

Jj^l 44 C j-aa-aJI oj A ^ 3 aJI iia Uaa. j\ 

VenilS 0 J & jll ij ^ J a Jll — luiail JjjjJl J <J JJJJ 4-1 1 afrla 

jVj (j^L-Ul ^ Al tair j-^ill j_a L_Ljj j&\ ^ISII j 

ja ujV Lj 4 c. j)^-^> all Cll is] J 33 ^Lj j £1 4£. j ta a ^ jaj £»all ^>fi*J Jji^V I 

( J — j jJ) 4 — jjl j_uS) Zeus i j ij- 3 ^ is'^ j- 1 ^ 1 s jLuc-Ij j^-VI 
^ — a 1 <j jjj) j si! 0 j & ts a j__aS/l jl £ jLutVl I^jj 

. .li^Jlj ji, ajlj 4_ijL«j j )llj 4_iilj jjll 1 latjilj 1 "II 



: Big bang... big crunch jjjSJI jLa-uJV) ...jjjSJI jIaUV} 

jl j — ZlAA i^l j-a kjal 1 $ OJ^J j-o I^J jj^ j^-J Jj^j "SiJ-Lj 4-aJ • 

^ L> J£ ^ d jja.1 J j singularity "s^jaia" ^1 U^Jc (jlkjj 4^ jj 
^ ^kJI Jaw 4big bang ^ j^l ^ 443IL j sjU jx> jjUl 

^4jj^ali I'jijua IT ojLjjJ L5 Jic ^ jj ^iij^Li j-«jj o^A j4>^nll <&Lui djjJS 
^ — 2j «Ulaj^j]| .1^ Jjl*J La ^gj] ojj (jjj ojAj j-a 1g .ft-s^ t_ac.Lja!j LkJlajj 
dll ^ jxJ ^a_J ujlj jjiiSJVI ^ ^till ^ jl /iKni* jj'11 nil j^^La JJC-J L ^- 1 

i"'lj a "^l j su Lua u^il juaLic. diii.1 A^jUJI J«ij ^jLi 

Clll fcLaj^l ^ jLaik ^yriT jl L^jJaxJ jc JiC-Ijjj ojaikVI oAAj t < J^llj 
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4 La^LaJI cjjl uj jjj a. 4"ih^^La (j£-aj Lo jjli! ^1 j ^ jluiajl ^-^J 

1 jj J 3 j t j & tA^ajjLa jSj-a 4_Laj ^ j^jll jj- *^ J aJUJI 

J 1 jj Uj *J j»J J ^ j t jl ajjVI j<« J jV! AfrLui i, L^ajll ^ j ■ a\ ''-» II 

pulsating universe "c^4 — ^' uj^ 1 " f—W Ui j*j ^ jil ajj^ JJ>( $_k 

Ij ij i— i j ui L^jSJ j ^JLaijJala Ajj£ J_ys a jjlilo jj! Wn ajLaJI jLl JjSJ (jl! j 

j_£jj]l t> 4ju»^ ^U.jj ^1 Jx^i jl big crunch ^Uu^Vb 

.oj< jjlj oja L^jlj jjj jLxj Jj J jjj V j 

:Comet Shoemaker- Levy (IjLa&I SL9) ^ yiJ -jjSj-4j*i ljJju 

Carolyn jJ jj— S a_ a j*^ )1ir ^ J — „ \ t LS _a Ail ^ j£1 ^ 
u — y j — jsIjj Eugene M. Shoemaker jS^j — i .<» j^-j — i j 

•David Levy 

j — «-aj ojm JjV (jS-al t(Jj3 jj<a Aj 1 " jjlS (_fijl j t^ljJau-aVI IjA Jj jJ^j • 
1'jal j llj^aj JjjJ (Jjjl jjtfl jA j 4 ( _ s -— i^l j»LLjil jA jjjoni-^ J jia^-al 

^ jjl J j kl jJjSUiJl t> >.,. jC Aj5I Ja-a jLS La£ t^^oIUll 

U — 3 ojjJ j oj^-J ^ j "i > ftft JI '-^J^ (jC JJjSil ia A*Sljll ojA j .AjJajC-j 
( » S 1 • AcjjoiJ sjA_)]\j ^.lla^alj ^ Mba j Ja ll j»Uajjl Jilj »1 > aflll ^Ua^ 
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t(jj A i.u SI j j a. (jljj-i — ^1 (j « V-5 J I— J SjS JjA. JjAl i_ljAa <J jl _4&J • 

(jj jL oj (j & - 1 — (JJ^aJI jLu-ail jjC. (_jjaJba jlA* 

^1 j a. jb oil lj 4 ^ 3 (J J*" 1 ' "JJ t(j-oaLill ^JaSlI J£Ji A»L Clu^J 



:Crab Nebula jUaj-Ji ^Au- 

1 — xaJLc. <■ Vt>f-i — jj Taurus u^jjj' j oLa^aJI j (jUa^uJI JSo2j ^^aI! 

^Jl_j>H >j (Mi, NGC 1952, Taurus A) UUI <.\S jSn j j^jib 

o j— 1 giliaJ J Ci^Ud^l ^ (j^Liil Ujiililj j^jII Aj jLJI jlill 4_b^ Igjl 

Jl sIa.VI j_aJ La J jli 1 gj >, . l&llASj ^jlll l ■ n ujl JaAiI iA\ilj 1 i gmJI ^ 

.ajau^II li& jxj tnebula 
^L-c John Bevis J— iu jj_ a. I— Ji-^b s jj • 

<]» u! (jl^-Jl J ^a-L 11 x. a (jjUa^j ilVfl 

j a ^ " 1 V » * Axj ^^ic ^-SJj 4 ^ • 0 £ j»lc ijjullj jjjjiii^all 

^JS — 3! "(jUaj^ — SI" i_l alstlail jjAjiM ^>'^l 41a U-llill t^ajVI 

4 j» ail 4 -^^-^ 2l 4 Jjbl J (Jjl a. jaj LaLa. 4jj_j.il jjx dlljiL 

.4_uljJI ^3 ijA V • , \ jA*-OJ 

jA> r-i — a£ 4j uiljJ j jl a., i a ^joi a. (Jji jAj • 

• lac ajJjoLi La 
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:Cygnus Constellation £jj Acja** 

J jj 4jJu j La (JSjJIjj i_U>aJ lg-a_&A& ^ tg.l.a..i\l li'jJ LaaJ 

j j» «1\ Uadl AjLjill ^ ja-s all £JSJj t^lj*]! jjVI JjUal JLaaJ ^li 

Summer triangle asterism ^^^11 
Luc ^4 qa s^ja ^ ^ A ^ 0^' Cygni ^, n.« 1 1 - 

t (_g jj > L a, \ l ( -»->^> ,j-<i ^ , 0 4 (Jj-«aJ j t_J ^ixui ) 1 j t^^-iubc uJl 

uil 1 laj j i aj] >\'i^)xJi <_^a (_g jil Cygnus ^j^-" X-l J 

.sJy^Lall ^J)^ 'ill (_j^s Lbj^j 



:Order and Chaos ^jiDj fUaUl 

4< j £aj <ji_J j c^jjLjjjaJI jA! jJill JL>-a ^ Jxl£JI aLLljV! .X 

. >cVl ' , ^ l$£ _oLoj Jj£ 

kill iA J — AioLij aUaill jA t j^ill (_>aiijj 4_<Jaila diljji ^^Ic JjjlJ! 
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J — 3j 4 m ft J j.la. ^ *yi L^J jfj^l ^ J aJalLa jjC. Cj jj3 ^j 



: Cosmic String jtfjVt 

^ S ,1 ■%! jll cjl j La. j5 jjJall ,^3 A^-la. <ic jl Jla. jA ^ j£ll jj jll • 

(jJal ia l_S lia-o ^ 3 (Jj^sJj Lx>Aifc ^ i i^J^ f lVlm"ij t(jl£-aj)]l ^JjuiJ 

^ — SiL Lo it (JJaliaJl s^A <~filja. jl.lix> ^ JJ*^1I aja. j j-o L\a.J U^O^ 

J j! jxJI If^aj .jjc. JL1ujjj£J1 CjI lua jjjj il).laj La MjJjJ LaJ t jiVLi L^jl 

P jJI l^i Lj j£ <Sla. ^ j ^Lll JsJj oLaJI .jjc ilMaj ^1 JjaAII jl 

■ tjjall J^iu SjfLxaJI (*LV1 ^ £3 j LaJj JJxjII (j-a 

Jj aol) jJLai (jj £j I ajj t(J*ilL o^ja. yet Iji 4 jLjV! "ijSsj • 

jj Sj IUj niiJj £-a 4-Jlc 4iLS t$Jj 'jjjjjJl Jl« <J-*J J 

jj £j i_Sj — uj ^ — S ^ • 1 Jj — Lj Ig-La jj 4<jjjlai] 4jj I <J 1 taxi 

<£j ii- mi j J 3 1 j-aa-a ^ ^ j tjjiaj^l ^L^Ll ^j>a jjSI 4-i 

jj_Sj 1 — 4 jSI — Jl jj_ £li (j—i cjl j_ai]l jo—: i=ujj network 

oj — a-S jl 4 — ila. 4_ Ji ^ — Sc. oiii — : 1-iir i iaJ jj jll /jx f-^)^ J 1 * ij' ^ j oJ 

Aji ljVI ol Ja. (j Isuj aL_ia. " ; j LJ ej ; ia.VI o^A (jl <ljxJLa 

.^ilaJI 

£i { - ua jLj^/t Ajjlajj 4jj jSJI jLj"V) (jJJ Ai!ilc. Aa.jj V t_£ja.l <ja.L (j-aj • 
d) — «J jl — J jVI ^^Jaj Cja_iil jl Vj tJSlui^ (J^*!uJ La^La JS ^jujI jLia.i 
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^ — u>lJ j3 j j^<u J k_n*i Luj j-uUI jjSJl jL Joseph Polchinski 

^ j — kill Jjlc. L«£j .o^jix SiLJI CjLL^JI J*fkjj Igj JLalil 
J_£ ^^-a ^ii Ij'g J I jiiuSt jb jVl Ajjkj I jjj jS" Tom Kibble 

e 

:Differentiator 

j — & ajjlj It A (j o OUtput ^jl aJI <j) Jau A-a-tti-si* « jjlj jA • 

.ajjl.il] input JaJ-llI j-a Ajjjlj dllil>La ; . <aj &l j\aJ 

J_— <uu j a-Vlj active Jl *3 j Ja^i j Uaj a.1 tiilSjioll j-* jlc jj <^ • 

.(^jjiui) passive <u& aj*. jU. s jS jifcj 

tj— jjsj ^ — ic. jjl — a Jl — c filter j 2 ai.^ ai.^i jl^Jl .v^ -..„_< • 



:Einstein - Rosen Bridge <jjjj - » jia^ 

^1 C- jjjiixj l&Ax-Jj t<Lalx]l 4 n mi 'ill J 4_ijjlaj (jjliiijl ^.13 ^ ^ 1 ^»lc J • 

liiaj Nathan Rosen jjjj <hj^> <«-« jjUiall £-a ji 

jy J JaJJJ jl AjS-aJ jllLol] ^ 'it La ^Ljj j^jJajj A-aLaJI Ajj-ulJ) jl <U3 I j^ Sal 

Cll — aull IjlA j^L 4jj^alaw4 JfLud ^ Wiall jl£>ijjl j>s jijjjlila jjjjlaj a 

. jj£JI JaJj ^jiuilLj jl t c- jj.^-i\I (j<a ^^>-«l (jj^i (jl Aj^aj La jl^jLi Laj a 
c5 — 3 AjjUia — 3 (jUjl£ C-iLlj j'l^lyi Jla AJojLuiVI jj-aLu«JI ^ jji JjUk Aj£J j 
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lA distil 4 j h n'lll Jc- LuiLJ A*jxj Jia-all li* . 4_ij^£JI a jill j^a JajJ2>> (J^ 1 

(J a. Jjl ^'^\ jIlou jjl jjoi 4^.13 (_^iJI JaJl J^Li. jj<4 1 la-bJa-La i ,al j 

j -mil ^ Ij (jd jA j i jji.Vl ftjSl cS-^ J tJjl'i/Vnl 4J.}Lva] ^tjfl^ 

jjj La ^jl jjj Jll 4jj"*sJl dil j ^ j>'iil "AjUjjll" jjS«J JII j tftlj jjuJI ^_ljiilU 

L-^ii jUjjVI JjU jL>iil l^j dj^j (jja. tL> uuill aJSjS * ^© *• • 

jj a 4 Ltsj 1 o (JjAj ^ _>?-^ (j^ 1 cLjailL 4.LL* Aijla^a Llaj l&cljj i alaJj 

2 U; t5 _J| > '« "^-n J ^jUiiVI jW^Vl li* Jkjj ^LuiUJI ujbL_*=-a 

(jl jj—S-aJ La J.«...^l) "sJjLaJi" j L_ SjxJ La] iLaila <JjLjj V 4jlfi£jj j4i *-t\\ 

c jvJa 11 Ajt d CJjaa jli jaall I^A Jc 4il?S]l »-Ljjj .(<jj£Il J ^JJ 

J laJ i n c. y^a ijjiji iS^J j^l*J-a ^^jLgj JS» ** u ^ ia n aa 'ill jiya *j^)i<ajl 

i_Jj^J jl Aj£-aJ Vj ttillj ^iLaJI Ja^JI l . UiuaJ (JJX-o jl-la J I jji n'. a 

l_j SjII" "U^uU Aalc vlnlial jj^l j 4_iiLgj ^Ul 4jlj£JI ai$J j»ajll J*^" (j' Jl "-' 



Einstein ring jjlluo-i Ail* 

l_j-a a-l^lj CjI i >i-i 11 J^Li. j-a 4-ioLiJ] 4 l"i-v*M * 4_jLaC ^UTJ • 

\ jjj J 5 Lk^jji J iJjS jjl*"iin*nl ijl^j) ^ ^ ^ *l (»lc- LjJjJai jll <Lal*]l 4 Jj. ii 'ill 

j — a ^ jni 1 «.j — Ja j^ ^Ju t"ij-» \ "\ ^ T ^l»Ji J liilij <; jj-iail c-Lta-iL 

«■ yJa II Ij A jli (^laul AjI^Ij -ja*< . j ^ jai. ^xaJl jl o j-s j v 

^jj 2w -^J^J > . 1J i aJ 4 41 -til 4jjjjj La Jj Jj^JJj ^^jjiLaball 4jai. sjj^jj^ ^'it'lj 

^ 2 i. . Um AJ ^ill Lai <4^jjj^j J 1 jju'i^i ^jSILulaII c. ji>i11 (^jjjjJa J ^ . 

j^j JiOLaJI j 4jjJl*il j jJu^a-all jjj LaaJl ^Uadjl J^aJl JSJJI 

,4ilaJI 4jJuJ I jj.M.u^i *^ S iSj CjI joi^ail J j j laJ 
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:Entropy WjjU 

"Jj - a al l" yjllj Metatropi AiuSUl 4 jiLa ^Ikj^aJI 11a • 

Sj-a (jjl Axi j &j -iJaxJ (jl cs ic- aJajJI AiUa 4jLl£ ».iaJ ^JjIjAo jAj 

Cujl£ Ijl LaCj AjjLjjidl ^ULoaJL 4ll*2a]l AjjIj=JI l^LaLbjl] ^liJI Ujj^ 

a k> i \\ ^ 3 «Ljj^a «Jt Cjt jjilll jV .^laL jl ^jSC tJ'Silii > " v >=i>"i 

> g aj l__o Sjl C (Jjljjijli ft^Aj . (JjAjAaII Ijjk plijjl jl s-Ljj ^» A\jjx^\\ 

. 1j3 <u31 liA jaAjj ^_4j£ jujV'i ^gjlt .^A LiJjjiajVlj tLo aliaj 

J_ia Lr L > _^ll ^ jiauJl — j <L-a j ^jJ! j Rudolf Clausius ^jj jj^i 

2 LaUll fLusJiU uSjjz- ^jalip »Uai5 J aJ\n^Il SiUJl J.^'w..! 

^-Sjjxlll IjlAj iU aUail 't>j=A\ AiLkll J^=«J ^1 JJ jxl\ jx .lajj IwjjIajYI • 
4 La ^iilj ^jJ-u'LujVI i—iijiull jA 7r i > taJ I^Sa j f i hill JS] rr 1 ■ ,->j IxijjJaj'iU 

Vj tl — aIIls ^ j^Skjjj AjjI^aJI ^2 Lii 4,n Ujj^iajVl (jt £-aj • 

4_1uj l£j-aljjj II j tkJjLojin-a]! 4_jjiaj jJiLa c£^>^i '-"'^/l?- « ^ 4 liij aj 4-jl 

jjkijlj thermoeconomics <j Jj=^\ ±~£2y\ j 'psychodynomics 

•evolution 

:Higgs field j— - auA J a* 

Peter j — =*ja jiu ^ILjjJI ^LjjaJI j^>J&\ jl j*j ^ <u .1,0 II lik (jlLjl • 
^_itl ^U! boson jjj>Jl J Higgs 
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Jjj — all j±ui 9j j ^j^> <JaJ ij- 0 l^sua ^-j-^ -^a Uila- Lai •'US jjjSil Jsj'^J 

SI j Z — SI jjjjj) t 'V ■ JclilSI .Ljjj jjj j^ibaJI ^ jn^il 

jail) ^_uj$HI II ^M^l ij L ■„ JL LS ^A\ ,A \\j 

(the photon 

^LJ, CERN 

I g-iclij ^ j i .gl \t \\ lil jLo ^ jJaill LaLtil JjLaOjm t Ajll ajLiiVI ' - ■ u 

.«Sllj j=kjA JLJ liiL 

(jl JJjl S^l J — ^-1 j J jl Y • • 1 ^1 C jj<a Y ♦ ^ J^jj La-aj 

• ■llij jjS> oLij] jjia^)*^ (Z UJJJ^J L - e^-i. 4_Laj^al«) jaoA 



: Lithium niobate <*jj1*J ^jjj^ 

A — jiiSlLa lg-3 jjjl V 4 )\ . r-i JjLa j^Aj t jj7» i aS jVl j ^j/ijSH j ^jaiSI J^a lajla • 

jLl ^1 cjU jaI] (l$il jikl jS-aj) <ili-i j JIj^jjSII jjjSjil triganal 

.*Lall ^ i_Jjjj Vj 1,18 

jLoi — SuV I gia jLLa j a £ 3jj II ^ jjjai ic-Lall -IlujSjL I g l-^ (j£-aj • 

.^g ji/ij" i_i^>aaSI jl 4 j j i^ul] sjLja^a ^llilj Ifrlxa )j ejjj-^all 

4 SjAa all L_S — jlj^JI J — la CiV^-a — !?il |J>^ ^ *J^J ftJ^-all - laJLuij • 

dll ^J-^l ^-la— J^i l"jl_>» Sr.l\.^\ a^lua "II SjLall .Ajjj^^afll CliliULaJI j 

"ijJ -til LallaSI jj^i^-s" ajLaJ LjJlAiLail ^jS-aj ' "'I ■>! .VI ;_paxJ ^ j l~4 a 1 Jl 

■lithium tantalite 
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:Large Hadron Collider ^jjjtjJI Jk*^l 

jj — ui : — J I jL-aji] c_ijj*-aJI ^ r all ^ <xij-aj LHC IjL-aoiJ t _ s -^Jj • 

^ jiL CERN 

Higgs J — jjjj — j j — =». g2 — jj jt aL*Jl_j j — jt £ — ajlall j^ • 
Cil akJI j tCjIj iTill ,i 'sjj jl ^ — 1 CjI — k^XJl jS-cj ^ill j boson 

l— fl j£ ^JJ>J J (jl £ Sjlall j a La£ teLjjill -iUa^all £ j jajII ^ aJ jisLall 

.4jj£ll jLa llolji L-iHajj ^^p-VI 4-LuAj^I dUjjaJt jt 

4 alA aj }-!-•> jJ_iLaJ L_4 j ui ^ i-yjl Qj jjjll life j-« (jjaall jl La£ • 

J — J ^ A ^ LS — 9 2 ' a ^ > <■* ^' ^ S^jaII Aj^jiajJI (JfejSaJj 

3-^j^ll -1 tf.i__a.lj 4__bU_ jj_ £11 Sj ,„1,Am ^j-ill 

;AjLutjJa II aj all _ T i4 J j _| — Y l4j,„ 

IjJ.n j 4q;» __i 4 JjjlaJI j i ij I jl <J 

• L$jlj jUiuJI <auuj^11 (_sjill 



l_J a_ 



jiaj — L_ YV I g^JJ^ -laJ — a-a 3 — alalaj ^Tui nl Jj-j <__9 ££j 

J__?-__l £-JL di j* Tj— 1* ^VjO. j| j^c ^ ^ 

ijill — ^J— ^ -^J- ^ ^ LL <jlj t3^^J 'LEP > : ijl jl^ a j 



(ji jVI — ui — 1c j .4^ — jjill (>ajVl LS — 9 AjIc! jl£ jjj Jalij £Jj1 

oj — g-^VIj II oj g>lj «jl^Vl — aj ( _ s llll "a^J xlajl 4 j^L^a ^ij 

^-Jjiill Sj 0 lj ^JpUl -Lfclj,^ It J_la <j AiaU l SjsLjaVI L?^ 1 

.^11 ...Ajj^jllj 
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:Muon uJi ^ 

Aja kl aJj luljjt* JJ-^y 'e jilt A-iuL^M ClA-ujiJI j* j> J* (J J^ 11 ^ • 

meson uj-^ J lepton jj-ul J\ j-a JjLI sUa. sa* aJ j 4<JL« a^j^s 
^ — a -ulc Jjja-u jjjiull Ijc Lua jjjilu^ jjill baryon ojij^ J 
kijl j — j tau j 1 — iNj electron jjjjIJ^I £-» j* j t^aUJl sIa 

.lepton jjiJ ^Jc jjAi-aj neutrinos 

antimuon jj*"^ aJ a^IuS/I ^Luj^JI J£ Jl« ja j • 

a_J jVj ^j_- Y * 1 , V jh L*j j J> _ilJyi ^ jj^l a1£ Ajji • 

j — a*l A ^.j A j] ^ ic A j3 j aSiSlI ^aJ J 'uo 6jl*i J-i=k^>U AjLLj Jclij 

j « j j£) — j£U 1 — aljlkl j j£I a jl U£ tAj-a J£l jl! j jjjjSJ^U 



: Quantum Mechanics ^\ HjiUj* 

J ^a«.l jJJ V j&l jiall j^a 1 Jj!i£ J lil .^jJaLsil (jji5l CjLljj jJuC- J 

2- « (jJ oiVl J-aLiiJj <Jjjl£ ^jjJI jjjjijiJI s^j IgJt^a 

tAALuiij ,jjjj£jJYI Jtia J» A-lAtjlaj! jl ajjju-aJI j»L^a>VI £-» i_i**J 

JjJ l! I^iJ.dM ^gi ( _ s -i*J LT^J " LSjjLiix" oLojui-aJI Cljljjlaiil '"'Jj la Ajlfcj 

Uaij lit o^j=k.j jl^-aJ jjjGJI ^juia. J£ jl jx jl£ Ijj Ail 

(jjj " 1< \!^ Aj^iulLl iililS ^jjj J-o^l jji 4Aj£ sL^jIj Ajc-j^ (_£.1o 
t ^gil ifi"l-V I ij^ulu jjj aJJta_a JJC. AjC-jjoi I. ^il A^AJ A_jl£^a IjSjC Ijl Lii^ 

.^-jjjailLi V] jH< j^C. Ail£x ^Jj^al Ai^]l ■■»''; Ajc-j-j Uijc. tjjj 
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t _j^SLa Ajj^aj £ja Cj^La. JjS/I ItlOlj JaJjxi J] ^»£JI ^/'^J" (j^U^ f"'°''Jj 

j Ajjkii! L^a r^;,^ ^1 ^ 4511511 li t< LUl ^J^' ^ ^ 

. tjVI <J f*M La <_Jc.l ,j-a oAj^E. SuaIo dJiLiuSI *^JJ ^Jj^ L^jl 



: Quark 

(j a LSJ" 3 L?J>^- fj ' (J?^ 4j.m)j^)]I cliljjfLaJl ACj-ta-a /jx J^lj • 

Clll SjljaJlj iejJ SI al _aj l«-a ujj (jliill UJJ^^J UJ^J^^' J-* -0 ajLall 

< Jjl\j Ajjill ajaJI (_T>ti. j-a (Jclajj jj-^aLiaJI J£] 4jjoAjJ l!iL£j^ jjjju 

^»J)C dllj AAjkM AS^)^. L^-ij ^-iiS LjJ jjl ^jLuJI (j>aj 'Lx-a »J-^ l " A JjS a -iaJ^p 
i_JSJj — j (jl (j^-aJ t Ji «aia II ^)JC. j_aa-a J_a^ ^JtjloLa Jj^aljjj <jAj - w a 

<1 JIL La ,1 Mal£: 

pL-c Murray Gellmann J — «L?> <jljj— a cs^J- 0 ^' ^j^ 1 u^j • 

\ -\ Ua . ^1 — a IgJ L\isla AjJjJaJ jjjL-u\£ (j a1tJI ^ _a^iaJI li* ^13 (jill jA 1^11 
Ala. ^Jc Jic (jill jA j 4 L? i*iJ! al ji-a ^gJc <1 CijuuIj JUail i-jjal 

(j — ^Jj SjJ_a 1 — AjliSlj cl ilj — j£Lai! jjIj ^^j^. W^jsj u^- 4 -! V • 

Jl j — J \ g-la \ — C. y \ © jj a j — j£| ^JLnJI 1 Liu£l LaS tlAjjl (JjoLa «J 
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:Qurk- gluon plasma LjLijiaJlj GliJjM L»£L 

' - > ' 
j >. ^ (Ja » a ^ 4x.jjoi/> t-jAill ClAjjjl jjjj ^jL^aiJI 4_Lkj Ait i *Ti ^^Ij 

tlAj jJjjjJI UJ^ ^-"^ (_S"^J S^Lall jl jial (jx l^lj-la. I JJ^ 3 ^J^-" ^J^V 

r • C5 _JI \ • j—a aj '*\l cJ!^. a. ^swj jA Jjl»l! I^A 6 »— jLj Jji^lj 

i g » ^ ^ 2 ^j^JaLail <jj£]l iliUiia i j Clil j'nil aj ^ AjLAjY Cl^jl^-a ^-i^)a. • 

SPS CERN 

dilj ^ a J aL*-a]l ^ a s_jjLaj Ola. ^jsJjj tlluja. t " t> > *J_ jl ~> <ill 

i'oJ__aiall till jV jJIj jal^Sjjj ^gi RHIC U '-j IjL-alkl 0 1 «.^\l j j^^il 

Larg Hadron 

.t . . A ^Lijj fUj] ^ Collider (LHC) 

tiljl j <U 4 j jUI 4 ja, will jli QGP —11 <<J j^a JLibau^ ^1 _ija.jJ 

1 4 j J ' \\ Laj£/lJlj j' ealaJI lift (jJJ ^)a.l 4_jL*oj <Usjj (JjaJ (j^jlaJlj 

4_j^jLa]| <ja_klil (jV 1 » i'i I diLg-jLiij V jl diijlixs -ij^-J tj-a tff^ 

. tsu j^£Jl ^ ja ijll 1 tiu abelian ajLj! cllouI 



: Singularities (5jjL» :lfL« Ja,lj3l) tiljjL* 

pi iJI pi Jpl (jJJjLj);!!]! (_^a JJj£ Jj^ i_yj^*^^ U,^^ L>° J ( • 

A J3J ^jjlluiljl J^ij (jl ^JiJ V) I '^J^d J U^*3^ LS ' " ^ ^ 

Karl ^1 aJVI (j^iiJI jJL? U^ljj t,jjflJI iljUliLyi ^ A-aUJI Sjunill Jfc 

i_i jju ^j^>i s^j^JI 2JjU-aii CJJ -bLjj Ja. ^ Schwarzchild 
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J, sllC-VI 4_a^a^La J)Jjl (j"*J '" ^.J 1 ' 1 "' jj^J^-" JW- 4 j^H ls"^-J 

'oJj sua" ^ajuiij 4 j-il'i j£jjj i_]£j£ jl a a iS <Laa-jJa 4Jj£ 4_)l 3^-^ 

4jL_u a Jl lc-j tl jj^i ^jj-aa!l Aa_uuI jj-saUaJI j-a <_£l ^ ) all ■ a l V 

.4jIc jjjllut-a j)^ ^- aC - oJuIj jl£-ajll 4 i n 1 iA jjt'i'i J)£IjaJI aJlA jpa aJ1^<i 

j* uol 1 Ajlik-lj) jjj SIS Ij £j-a CulS ,^-111 uiflj JSjaII 4 Lajll aJAj • 

( a uVI 1 £jlc (J Hal j J Jj£II S'lVI l^-La ljj j^jJIj (-^?-^ J j£-°^ ^° 

. o jjiill aJA 4_i 4j jajlaII 



•.Tachyon jj^LW) j\ ^jjSUJI 
ajj^JI ^s— - i*j ljUI Takhiis ^1 — j jJI 

"(jl "j'^j " ^jj ' — SO ^r^V AiL-a (Jjl jl Vj 

Jjj IaJ xJj k^aLall jj all i, " ^ J n"i u> ^ 3 "iilul^JJ jjjjLa \ i aSJjl" j 

.4x.jlLe CliLilj-aj > " )La jl eJsc- ^ ^ll->, ^.^11 

Gj — kia 3j le.jjJaJI 4x-jij jj^i jj£I 4£.jjoij j^jjjj j . ,0 V. jAj • 

AjjjaJ I o IS (j^jjj j. guC. jA 

oJl^j J — a jjj jAj t ^ j-s , n ^j}^" ^JJ A-*- 3 ^ o cs^-^J 

^1 sG| ^jUaA^auo 4il jX-a j t £ j>>ill 4x. jjjj j^s jsl 4x. j^uJ ^1 jaJl) jl 4 j£ a I V 

Jalia a ^yic JaliaJI <xijik. ^ jj-aljaJI x i jli 4j]c- i_Sja> jl 

-aj ^■ t _ s jJu V jl fjlc- laal so t _jjllj 4j^-aLiJI 4 jj u 'ill ^ ■ . u±uil]l 

CjU jjSIjJI jli ^1 ajj^ ^IjJI jL^V 1 u^'j '* i> P>^^ 

^l^aUjaiL ^Uaill jIjSLojV 4j-aAl jl ( _ g ja ^ ^ 1-it"i IajLjC.'u jjSI 4^aj^La jj^J 
I1a i. a^jjj tc, j» >ill j)-a ^J-^l sjLiic.1 jj^s V-iJ jj^^^ J ^.'^ " L a;'"'^"' 
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> g all 1 ilia — j. <aj*£ ^llaj -"^ ^ jj tt ^ t^A j AojjjSUll J jiia SI ; jl ji'u.iVI 
J j j Aj^ . J ja. Ail ^Jc. Aji_<s (Jxlxjll A_a.jjJ jq'iMio jjc. Aila i"n wll 
^ic J ja. jja JJC Aj| Laj tdiLa jia-a AjI lJ^i (j^ s^^ 3, J-* CjjlS 111 :Aja.j.}_^<i 

.JU aJ 

<s ujI a IgjJ aj jII AjtS^alU A_ull Jjao jl j j i 

^ j a j jSI Ac j^u i lilj ajj A jl 1 allL j iC: jj^a — !l Ax. j ui 

1 oiij ojjj « *J V J 1 LaLal JJJ alt j' AjIjpS! A h-^^La ^jJ-iuu'i 



:Terawatt olj I jjS 

,jj_iLa = !j u -fLa ^-S St = 1 a la l j j Aa = I a-la = jLS • 

. Iji^A j tJ JjS n 



: Thought experiment jl^aVi <->*J+> 

Jj^jS lj -1 , ,\ ^ iaj (jjjl all (Jj-a) jj-o Jj!liLallj ^IxSI oljx-aj j UjLj SI • 

(j— a J Jj£ p J li A «jj t<.L ii^/1 (_£^)aj c_Sj£ ( a^i ^ IjjJcl . iLAi ^jjolAa 

1 £j ^1... a A ; ^ 1 ^ Lajj I - ; q (S ' v -^- J ' ' J' "^"'^ "-^ 

cl ii (jjJ — Sj — Saj j aj ^ Sc ^jaJ Ig-jl (^1 A jUsSI AjjaJill (j-a *^^J 

. ^La Jyall <_JJjajll jl CliUaa.!5LaJi L£ Jc 



Aiuo Sill 1 — g-lu jj — « Sj — jJc cJ^\ — a-a t _ s — a — all b — a ^.iVmil ^ j£j • 

J J \ a J la A 9jj*-<a AAj-oIsJI ^fl . LjLi*ialj^)JI j frljjjAllj (jjjlallj 

«.! jj^ill 3j t^jS ^ ^° '— *J *^ (jjj^ll J ' Jaljiui 

(j Slj iyjj^u — jlSI <jj all a 4 ^La. Aik-a Jj ^ H UJ^' ' " u ^ 
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IftJJjij t_jjl_sJj" :^i*»aj 4*t\ l^jj nlj jJIS <_j« Jjl ' JlLlj jjl (jl Cu.njS jjW jlS 

jijj l"j*J Leu3 IjjUjjS 4juj^j ,j^4J Laj (JLtll ^jx AuLaJj ojLja" 
jjn'jll ^1 i. in ml j»j J3j Cj^jljjji]! ujjjujIIj ^ Vt» 11 <-_jjj^ill (jjj LiA <3jli«H 
4-a>jJ JJC 1A^V ^Ic ajo (JjSf J$-Ia ^LalVI Jj-a^l ^jx ^jjlajVI 

•^La sl_^l iliaal 3 i jjla jj 

CjU jjjli; — ui" j — & oj — jc Kahn jj — i. iiilj j.'^j j — j^jJI ^ ^ 

4_aLu a ^ lisJI jl — Sail ^Jjjaall "^^Lil^x e-i^* tlF 

J_kll 

."(_£ja. La" jl "^5 J>J'" t^ill bo "jj^aj] "JSJI J-a*-a" ^jLaJill 

£CJjUSIj jjjiiill ^aAc. : Jia t aim La JJC. SJj^C ullVU>-a ^ £t^-Lal! ^ lajlml Jjjal 
^jjjj^uIIj CjLuiIj^I ^Jaj ( I «ua.VI (jjajll jJfcj t » I j 4_^Lboill ,»jlc-j 
t jAuiiiL Ijl ^ajuul ^a^'a jj£iii] ^ij-aj^ t"Lalc <L>^ajj iiiiljj c^JJjVI (Jcj 
• I jLajjj 4jlc.ll Jj£l 4ijjiaJ JjIja.VI (^Ic o jKuull j 



: Vacuum £l j ui 

Jajir i >i]l (jj^J (jl Jj-a S^LaJI (j-a C u i L .nl (jJLv «.Ljaall (j-a jl^ia jl ^JaLa 
A^Kll (j* JjjjLa y dlau^J I Jj-al j t^jlsJI Ul jIljixs <jx I jjj£ Jfll 4_iS 4_jjUll 

(J jliJI L« > 'n\\ Aj3 Ja-sj (_jjlll (_^1 (^aZ- -^JJ V ^gi'iila ^jgia _a^i 

.(_^j_jki l_jLj (j *slj L S3 liilij tllLuJ ^aSJI Ajjiull jV O^j] jiuo 

j j5 t^Lj — Is t-j Sli^a j^j ^gic. ^iix^xa]! /jj^a^-^'u.n La a^Lc (jj^^jj^'j 

( _ s a j^jSI l_ijL>jJI ^alia lillij free space »Ljaa]l ^LLUojj 

SjL^U partial vacuum ^ik^ jj^^i^j <^!>UJI 

.^LJI JL>all ^5 r til ^1 jail 
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Jl — a-dl li — 4 ^ — a <_j_jj-aj]l A — ±&i j . > V Qj all J i Lujjau <LJ jJ 

s-Ij—^JI Jai — ^^—i 4_jLj]ijj Torricelli "J^jj? \> ^ Cjj^ 

f 1 Sill - xj iil Si j 5 ale Ai^aj oLaJ JliLii j jluuVI 4j^a Lj _lc ^Ijill 

> iasll jLJI ^ e jjaJ (jill 

- *J 1 £jLa jl kj La oJilx. Ljjja^ AjjL)_^£J1 iJliLballl \ AjLal -laJLml ^a • 

<J — aJJl j (j/uo ajsll cdJ — uo 4 — jLajJ argon jj—+Jj\ jl — ij 1 — <F4j£ 

c_J jjUVI J <-^J^ ^ajjA) oL ijl <cL) L-a j Cjl^_lw_li£il J^-J ^ j JjSuSV I 

. ji tfiaJl 4_jxj V La jaJ (Jt . • j£j^all JjUl Sj^ajj 



• Wormhole j jjjS J*S1I 

4)uih 4«ajai ^ujjall ^gi jJll) (jjjill • 

tiiij LS — * j c jL_£aj]l shortcut (3—jjiJI 

1 — Afjia J — i«J 1 a£ (J aJj ^j£labJ jUaij j-all j jJiWI ^^Jc ^jjoaua jl (JJa3 

4 aJ jjjj — 1 1 aiiJj t(»J iiaJI J — JC. jjj^Il lS^) 3 *' t5^] AaJja ij-a Jl^JJ^ 

LJ1 ua ^ 2k j iixj cs $i jaSI (jjLiil sJA ( _ 5 ic. AjJaaw^La jSLiJ JJj 

.4^aUJ| u j]l JL>a 

jc <Llao n\ > jSiSI jSjjI ^ill Hermann Weyl "^j 

.AjJj^£]I AjjjLaJI JjSa. AiLL JL?-a ^ ClljjUxjj ojLaJI 

ALiLja la 3 iil£a j 4 Skla J j -> j 4JU. ^ <jl jj^l ^ AjuUJjJI o jSall • 

AjJa — XJ «. — a JaJJj « J — Jf- Ljiaklj jj^J LiljC-jfla -LaLe JJC. Ljil ja^ A*J 
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ijj £11 ^ 3 SJ — jxJI (jSl (jjj JaJjJ Jj-^ 4 - aj3 ' ■ ■■; J^j 1 _ r Ic- 

<lcj — uj Ci — jl£ Ijj 1 s>jjc J ajjj jl ^yjL-Ia all jaLu J) ^..jkii »j <_sj1!j 

jjJall Ax.jj-i j*a l^a. 4jjjj 

jlj « jjj S (j a I AjjiC (j S-«J ^jjll lilt Ijjiill ajA ^1 jjl <Laj j • 

j — £-aJ — 111 c*l — t ,3 — J C^-ijJ — II — jjjlj-i J ^ .n > aJ ji-VI jj^H 

(jl Jjiku — Jl u — SI jl i5 JaLall i _ s SI frl (j-o jl! ^ JUjj^U l^-al.lV'unI 

1 $1 1 a£ C^J i.1 ^ S] jl S-ajll ^ 3 A Lij j>i JJJ^ jL^alkl l^jl 

4 jlgill ^ 3j 4"^ <vh» II jl (_£j j£JI jl jjSH" <Jjiij AjLla JjaU 

a-aj spacetime foam jl—^jll ^ jl_c. j j—a I j^vis. ^ 

.(j\£-ajll ClAAIk-a j-a k-JJjij 



: Zillion oj^J 

j — jC-j 4 jjIIm j__ jC. 4ijll jjSj La-lic. jl AjlIUaIIj lg.La 4jja_uJI Cj!ii.V 

U — * — ^ ;* ' " ^ * J !- C - W-^ <-S' 'I^Aj jjolij jj_j jjJjJ jjla ^ 
Q — oj l^al^V'u J i_a3jllj U1JJC.J (jjjlill J^- 0 jlj*-al! j 4 ' ^a3j JJJ' <aJ 

f»- — C A — ?>>J-^ 3^" ^ Jjj (_£j1I 3^*"^ lijJa aJ 

.(jjbJI (J Jjlll! Jiixil ^jgi-a JJ^ jl 4-3-13 (jl£-aj 

<_$1 j! 4j Jabjll 4 laljll j « I $J Aja.X_^a V Igil tilli j>s ^ijj • 

• a 3* J*-^' J JJ^I (J-Jj1 l^j-a (.5! j'ujcIj J jAa ^Uaj 
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bajillion jjl^Lij ^Ananillion jjjijbl jLa oai.ic ^LLa ^UK <Ji j 
...umptillion Oj^P^ j 'gonillion jjjLj^j squillion jjAj^j 
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J J-ilj (J uiISjjj j <jJS iij Idjl » .a La. j aJAjLla ^a-ujjlSl i— u^aLLa 

dLjjJa , r. jjl aj J a^J 1 a£ '<J-^ Aj^LsJI jjljSLaj AiV jjjjSj 

IjlljJ uilj 1 ^J^H 1 ' kJ^f l5^>^' 4jauaikj i-LJjJ 4-l3ljisJ Ajxic. i— ll alalaj 

j_£l^aj Sjl-i! (Jala fij 4_LiLui^a } 0 ^jx jjS^ 4-1 jLiiluj^ I <£k*all jjc. !>Lja2 
.4_ial*JI 4 V u ^-iILi i ° ■ -i'm 1 g »j<\-n A&la-aj jjJoj JjJj ' " ,' 

^ jl ui loiVI j_£_ya}l ^ 3 2 AuJall iim la!3 jlj J 4 iliaj LJU. JiAj • 

•Maquarie jj! jSLa 4 . . sxiaii La. jd\ 

( *' i ^ i ai ^ 11 ^ *Lj^^ Ail l a-s. , ^ A j a Ajl I I <aa li * 2aj J a *Lluj ^JS^joj i i • 

4 jml j>.i SI j laill lIi! S^-JJ 4 J-*^ ^J^la-a j Saiuj JjJ oJc o jjLlI 

^jL-a 2aVI jiail Ajjj i ^ir. ( jt ^ n La. jJjjSjll j (4 ixl] 4jc1 rt'WV) j 

.World Economic Forum tf *H*JI 

.111 • 

(_J JLJ ^^jII j 4_jAi SjdjVI ^lllc jjJa_ax]l j Ajia ill AJi\jj\ (Joujj La£ — ' " '1..'' aljjll J 
lal^-o ^ ' (j -0 _>^l ClliL ^^lll j LiA 4Aal£ 4_«jtij oJ _aa. (jjjlic. L$-llc 

BBC —II ^ AiiSJ i 0 (jil l«a 4iLJI iiilSL. 4l,olni 

jl — jjVl" <J^>iij Jj^k. ^1 IaIa^I cLlI j^J j LL _p^ia lji.Lij CjjflA j^lj 

ililc jjja CiLaLaJl >_lU. : ;i U£ - jjj-kSI cjIjSII <lUj ^^Sl (^ill j "yjl^JI 

4 Jl SjLiVI ■ _ Lax 1 g ijj (j>aj 1-iA 1 a^j ■ aa ■ ■ <gj Aj ale ^jl_a^ sAjlj jli • 
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j»l — c cs 3 j '*^( j_j — £11 J^al (^i ^^-aic- ^j^j jAj) J^" jjj*-^^ <i]>o 

j — c. 4 — J o jjL^ jjSI (jij "^j-oLiJI ^Asilll" jjc. ^jjjlxaj S jjLi-j jli M ^ o 
^s—k f -,j, ai Ji^j v_nLs jj-aVt ^ lg-o^a ^l j JL?-^' ^ ^1-^ c_jYl=~ail 

4__J-M*]I ^ J« aa 11 J I jjja C > ^ ^ 1 ^1 C. l_j iklul a fyl a ^ ^jo^tl Lajj 



JUI ojbl Jl—a^a ^ 3 *JJJ*-« ^>l Jfi- <- I ■ ^ — j — <JS tiUj ,jj3 • 



"(jVI J ^Ls — a j-aj II J — jLoJ el — O^" "°J — ^ !">)-> -s n £-ia j J ^-20 . ^ 

jj <s ij Clil 4 «J ;jl v"ll'm U*i I! > ft* .^i ills J (JJjaJ £-« . X 

^__aa SjaI 2all jijl j 1 i 1 - iJa (3 c- jj ' °;'' r - J^-^ 1 i^y^C 1 ^Jbjjj »j\21luI 

.(JjLu Jojoij JaJj iJlljj-fl _jl e jj-ia ill! >>i«aj jj^Ja v— IjajI 
alill (jl j— a £ti£jA ^-iitl 4jLkLo ja-uul £jjaj jl 4_iLi. Jj (Jj^a^jj .V 

William Uuruh jjj ^WLj j*j 4iLa J^a j ^ill 

JaLaJI (jjflll jj-a <' i \\* uA\ > L-olLa ALa lillj j JyijJ / JJJ 1 



(^jiall^. Jill J^a ^_jl JJS^I ' jl jj*J ^jJall I - I V' -^aJ>jji! ^j-o jail 
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jj'l>* W 1 liLJ L gjlr. ,J_ -UaJ ^1 S jfcUill jl liaJ £-a l-L£gl . i 

J_LaJ ^.ku* 11 ^ — S] 4 ! Aiaij i_Jjil ^ jLuu j£l ^ jl jli JxJ ^ 

/ ^ j] ^ i*£ll a jc.1 jiil 4 LaJ" ( a ujLj i_aj— «j La Tim Bunch 

^jjaoi] ajjIj^JI Kj^iljj^ ^j-al^ ^f. 4-4^a Aiiia. *_L£j£! ^ ^VV ^»lc ^ j .1 

jj—lil 5 oil .ill A\r^ J—l^a J__a. 1c j-Jic 1 *\ A > ? 1 c ^ .V 

j» — J £cjj — all i_l — SjS jjjj vljiju LaJJ stiaJI ,jl ^JjSl CA/ut nil AjIAj .A 

^jiiSjj lift tilS /Till jjyi vljljioj -i*-JJ tLa^la ^1 /n'lin 'UjIa 

4 j ., i u jll ojSill jSl j Jay Melosh jk« ^ <ijx^j Ik-, ^ j^S/l 

•Michael Foraday (jbl jli JjA^ s JjUj T . . \ jli .1 
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(^jiail) . 3jJa.*il JLliliiSI Jjjli3 : j' J^*-> r^' 1 -* ^=J ^iU .1 (**) 
(^.jlcjl) jK^JIj jlijlS .''iiwH -Jj S all : jl ji*J ilJI . jp 

^jx jA j la oil ^jl jj-ilc .J.I ri w a ^ J a jx sLi^Jl j*^al ! jl^jxj <Lij^)jl11 aHa^^u CIiaS 

(j»2kjl<ijl) . £jlaJI . "Lozkjill ^^ojill jSj^ll sill jl id a ] 
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. \ ^ 1 V (Llu»Jj) > u j 4j«-al_a. /^a Ajjjjll AjjiajJI c.L jjall j» jLl.1 • 
(_i j£LJ 2 x^U. (j « 2j ^lijll «.! jjjill ^ Ph.D. AiuJaJI si • 

ajfcl all 5 j — a 2 — *\ ij^ 1 — 9 D.Sc. j» J — 1*11 s! Jj— i£j • 

5 Jjill 2 lUall 2 jj^j Ijjj a j\j J ^ II < — a^Lii jjl ^ £ jjj • 

tAjJ j»m JU j_J jail J JC lil Loll 2 *-*L^J «^>*1 ill 2juaLa. ^ jlxll 

~ "' 1 jjjl^ail-J £T^)-llj jlg-J 4 JjJ^l' *^Jy^ ^lj^Lj jjjjSLa 1g > aJ ^>>lj) lilluilj 

^juj Sj lilj ui\ - j t4 J^JJ^VI s^ ^ ' ail till j"V jlL jj 4 n -a l 

2_ toU. tJ __S| Ijl sua ^LJj JDUj (Jjjli Jll ^-aU ^jUl LjUialjjll 

IjUj a Wiall 2_ujjJ| (JjljLaVI 

.^LibuJ 4_*_«Li. A in Vigil AjISj r I j illiuil lllLaj • 

:«Ll & IxJI djljt aaJI AjjJac 

J La I JUsjLj llui jjj ^ a AjjiuJI pLjjjall ^j-ill jSj-alLj iiljLiu> ji>ir- • 

£11 

2 jlnJadllj 2 JjJaill el jj^ll LS^J -2 ^ J gJ«-allj AjjI,ui"|m>VI 2 jail! j. >»<-- • 
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_jj-a A — jLjyall {. j — 1*13 Aj«Ja * j]I 5 Sj^ll a jjl a. • 
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t/S iuali 4 p.Ukll 4>j ^^kSI JLiJl JjSc CiJ jlj 

^uac tf | Jl AjSjaJI dj JikHa jl jjVI o^*J J& bLtf j jj 
t <Ulfr JUJL jiki j JjSLuull jl ^UJl ^ pIja-i 4j jikl J2 £j£j 

^T-LuiaJIS 0^1 .1^1 ^_JJJ J^J f li^Vl *U2 LtJ AjLjA^ (jiiXJ Jj 

. £tJ) . . . J-WtOlS QM JjJjJ J I 

^ , <Qi Ujj Jj 19 0J1\ cjUl^S <> f^VI oja jjLjj oIjj jSJj 
t .JjIjjJI jiaJI 4j1JUj1j <Ui j j£j ^Loil £jluuJl j«afr *l> 

^laJj ^ t^Vl Ji* uJj*i*il ujSII ' LaSlt ii* 4*a\* 
c>ajjaJI jjc-J . jUuj ^Jabjll CiVjUaJI J^ <> JaSaall 

ULaC aliAjj JUluil £jj lift . Uu Sji au ll 'LulijiaJl 
JJ (jt yjaS t dj>oi UJLuaj Jl jaVI 4> *S LjJla AaLjaV 
f-UI*il JjjIuuj 5 jjaVI eJA ^fl j . i_ujaailj tiliaaJl (j* 
. j\ V j§ W-a f LV1 Jjlfl Ujj dJj jj J^Vl 
<Ua, j ^1 <_i] JaJI i^irtj l_iU£]1 CjUi^d jljkual Ua Uj 
CJjUj JU1 jlSiVl JS l^jfl djw 

f 519VI yS* - JLill ^3 f Iju. oVI Ji* jj* £>^>«Jt 

jlj JJJ t 4o4 jj jaVI jkS^J j21l AjyJxJl ^jLaJI jl - AnUWI 
Aj*VI sift ^tVijmi ^jjl ^luaiaJl d\j jLa jjaj idlj (jA jju! 




